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FOREWORD 


This  report  was  prepared  by  the  Fort  Hood  Field  Unit  of  the  U.S. 
Army  Research  Institute  for  the  Behavioral  and  Social  Sciences  (ARI) 
in  response  to  a  request  through  the  Training  Developments  Branch  of 
the  Operations  and  Plans  Division,  HQ  TRADOC  Combined  Arms  Test  Ac¬ 
tivity  (TCATA) .  Some  of  the  research  was  accomplished  by  Operations 
Research  AssociatdST* under  Contract  DAHC  19-75-C-0017.  The  purpose 
was  to  provide  a  detailed  tank  crew  training  data  base  to  be  used  in 
the  Department  of  Defense  net  assessment  study  of  U.S.  and  Soviet  tank 
crew  training.  This  report  was  incorporated  as  Chapter  9  of  Annex  A 
of  the  report  "Net  Assessment  of  U.S.  and  Soviet  Tank  Crew  Training." 
The  findings  were  immediately  utilized  by  TRADOC  to  revise  and  improve 
the  Army's  Tank  Gunnery  Qualification  Test. 


JOSEPH  ZEIDNER 
v^eehnical  Director  (Designate) 


TANK  GUNNERY  ANALYSIS  FOR  DEVELOPING  A  TANK  CREW  TRAINING  DATA  BASE 
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Requirement: 

This  report  was  prepared  in  response  to  a  request  by  the  Training 
Developments  Branch  of  the  Operations  and  Plans  Division,  HQ  MASSTER, 

Fort  Hood,  Texas.  \The  research  was  designed  to  fulfill  a  requirement  for 
the  collection,  analysis,  and  reporting  of  tank  crew  gunnery  score  data. 
The  research  was  required  as  input  for  a  Department  of  Defense  net  assess¬ 
ment  study  of  U.  S.  and  Soviet  tank  crew  training.  The  objectives  were: 
(1)  to  provide  a  tank  crew  training  data  base  consisting  of  data  from  at 
lease  ten  tank  battalions  and,  (2)  an  analysis  of  this  data  base  which 
would  permit  the  identification  of  some  of  the  variables  affecting  gunnery 
performance. w 

Procedure:  \ 

Table  VIII  gunnery  data  were  collected  from  fifteen  tank  battalions 
in  the  U.  S.  Army:  eight  from  USAREUR  and  seven  from  CONUS.  Main  gun 
gunnery  scores  were  analyzed  for  both  day  and  night  firings  measuring 
number  of  hits  and  firing  times  required. 

Principal  Findings: 

•  Table  VIII  data  from  the  sample  USAREUR  battalions  appears  to  be 
more  valid  and  reliable  than  data  from  CONUS  battalions. 

o  Both  USAREUR  and  CONUS  tank  crews  fire  more  accurately  at  middle 
ranges  of  from  approximately  1000-1800  meters.  First  round  accuracy  at 
the  short  ranges  from  600-1000  meters  Is  relatively  poor. 

o  There  was  no  practical  difference  in  main  gun  accuracy  performance 
between  Table  VIII  A  (day)  and  Table  VIII  B  (night). 

o  There  Is  no  difference  in  first  round  accuracy  between  precision 
and  battleslght  engagement  methods  in  the  battleslght  range  band  (600- 
1800  meters). 

o  There  Is  little  difference  In  first  round  accuracy  and  firing  time 
when  engaging  either  stationary  or  moving  targets. 

o  There  Is  not  a  strong  linear  correlation  between  first  round 
accuracy  and  firing  time. 


Utilization  of  Finding: 

This  report  has  been  incorporated  by  TRAOQC,  as  a  entity,  into  the 
report  "Net  Assessment  of  U.  S.  and  Soviet  Tank  Crew  Training"  for  use 
by  the  Oirector  of  Net  Assessment,  Department  of  Defense.  The  findings 
are  being  used  by  TRADOC  to  revise  and  improve  the  Army's  Tank  Gunnery 
Qualification  Test.  The  aim  is  to  increase  cost  effectiveness  by 
Improving  gunnery  proficiency  and  reducing  operating  costs  and 
anminltion  expenditures. 
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*This  report  was  included  as  Chapter  9  of  Annex  A  of  the  TRADOC  report, 
Net  Assessment  of  U.S.  and  Soviet  Tank  Crew  Training.  Sections,  figures, 
tables  and  pages  were,  therefore,  numbered  as  they  would  appear  in  this 
report. 
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*9-1.  Introduction. 

a.  Data  from  the  Table  VIII  gunnery  qualification  score  cards  were 
used  for  analyzing  gunnery  performance.  The  analysis  was  limited  to  main 

?un  performance  using  two  performance  measures;  first  round  accuracy  scores 
called  hit  probabilities)  and  first  round  firing  times.  Hit  probabilities 
are  Hit-Miss  scores  for  each  round  transformed  Into  a  proportion  or  per¬ 
centage  assigning  1  (or  100)  to  a  hit  and  zero  to  a  miss.  Firing  times  are 
measures  of  elapsed  time,  in  seconds,  from  when  the  tank  crew  examiner 
(TCE)  or  assistant  instructor  (AI)  started  each  trial  to  when  the  first 
round  was  fired. 

b.  The  sample  is  comprised  of  data  collected  from  15  tank  battalions; 
eight  battalions  from  USAREUR  and  seven  from  CONUS.  The  various  battalions 
fired  from  four  to  six  main  gun  engagements  on  both  Table  VIII  A  and  B. 

The  total  number  of  first  rounds  In  the  sample  amounted  to  approximately 
6,000;  3,000  for  the  USAREUR  battalions,  and  3,000  for  the  CONUS  battalions. 

c.  Chapter  Organization.  This  chapter  Is  organized  into  three  main 
sections.  The  first  section  presents  a  general  description  of  the  gunnery 
performance  of  the  USAREUR  and  CONUS  battalions  when  treated  as  two  different 
groups.  Data  from  the  Individual  battalions  were  pooled  together  to  creatt 
the  two  larger  groups.  The  second  section  consists  of  three  parts.  The 
first  part  presents  separate  analyses  of  each  of  the  fifteen  battalions. 

The  second  part  integrates  the  results  from  the  individual  battalions.  The 
third  part  provides  a  longitudinal  study  of  the  gunnery  performance  of  one 
battalion  over  one  year's  time.  The  third  section  presents  an  analysis  of 
differences  in  gunnery  performance  between  battalions  serving  In  the  same 
division.  The  analysis  Included  comparisons  of  battalions  assigned  to  three 
different  divisions. 

9-2.  General  Description  of  USAREUR  and  CONUS  Tank  Crews  Performance. 

a.  In  organizing  the  data  for  a  general  analysis,  it  was  found  that  the 
target  engagement  conditions  under  which  the  battalions  were  tested  differed 
mainly  In  terms  of  whether  they  were  located  In  USAREUR  or  in  CONUS.  The 
engagement  conditions  of  USAREUR  battalions  were  quite  similar  among  them¬ 
selves,  but  differed  In  several  respects  from  the  engagement  condition  of 
CONUS  battalions.  The  same  relation  was  true  for  the  CONUS  battalions.  In 
addition,  it  was  found  that  the  accuracy  measures  of  the  two  groups  differed 
considerably.  Since  the  measures  of  the  two  groups  were  quite  different,  it 
was  decided  to  keep  them  separate  In  all  analyses  because  merging  the  measures 
would  tend  to  obscure  the  real  difference?  and  produce  statistics  which  would 


*Th1s  report  was  prepared  to  be  Incorporated  as  Chapter  9  of  Annex  A  of  the 
TRADOC  report  Net  Assessment  of  U.S.  and  Soviet  Tank  Crew  Training.  There 
fore,  pages,  tables  and  figures  were  numbered  as  they  would  appear  in  the 
TRADOC  report,  e.g.,  the  first  section  (Introduction)  of  this  report  was 
designated  as  9-1  Instead  of  1. 
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present  a  misleading  interpretation  of  the  underlying  dichotomy.  I urthermme , 
the  general  analysis  was  restricted  to  Include  data  from  engagements  using 
high  velocity  tank  killing  ammunition;  HEAT,  TP-T,  APDS,  and  TPDS-T.  Because 
of  the  different  ballistic  characteristics  of  HEP  ammo  and  because  the  primary 
Interest  Is  In  tank  killing  capability,  data  from  HEP  engagements  were  not 
Included. 

b.  Overall  Description.  The  overall  description  consists  of  two  graphs 
of  mean  hit  probabilities  presented  in  figures  9-1  and  9-2.  The  data  from 
which  the  means  were  calculated,  the  means  themselves,  and  the  standard  error 
of  the  means  (SEM)  are  listed  in  the  accompanying  tables,  tables  9-1  and  9-2. 
An  overall  description  of  firing  time  data  Is  not  included  because  it  is  not 
Influenced  by  the  range  factor  In  the  same  way  as  accuracy  is.  The  mean 
values  computed  for  all  ranges  were  calculated  by  dividing  range  into  200 
meter  intervals;  0-199,  200-399,  etc.  The  data  from  all  engagements  with 
ranges  that  fell  within  an  Interval  were  pooled  and  summed.  Statistics  were 
calculated  from  the  pooled  data  for  that  interval.  The  statistical  value  was 
then  plotted  at  the  midpoint  of  the  range  interval;  at  700  for  the  600-799 
interval,  900  for  the  800-999  interval,  etc.  Included  in  figures  9-1  and  9-2 
Is  one  of  the  AMSAA  curves.  It  provides  a  well  known  general  frame  of  ref¬ 
erence  for  judging  the  relative  performance  levels  of  the  qunnery  qualifica¬ 
tion  curves. 

(1)  Figure  9-1  presents  overall  mean  hit  probability  performance  of  the 
USAREUR  tank  crews  on  all  types  of  engagements  as  a  function  of  target  range. 
The  curves  show  the  fol lowing  relations.  One,  there  is  no  difference  in  mean 
hit  probability  (Fh)  performance  between  Tables  VIII  A  (Day)  and  B  (Night). 
Table  9-1  specifies  that  the  overall  Fh  for  Tables  VIII  A  and  B  were  .50  and 
.51,  respectively.  Two,  in  the  range  from  1000  to  2000  meters,  the  perform¬ 
ance  curves  closely  follow  the  AMSAA  curve  at  values  that  are  somewhat  higher 
than  the  AMSAA  values.  A  z- test  for  significance  of  a  proportion  was  run  on 
the  data  from  Tables  VIII  A  and  B  to  test  for  differences  between  the  USAREUR 
and  AMSAA  ?h  values.  The  results,  presented  in  table  9-3,  indicate  that  the 
day  and  night  Fh  values  for  the  600-799  and  800-999  range  intervals  were 
significantly  less  that  the  AMSAA  values;  z-day  (600-799) =2. 54,  p  <.05, 
z-night  (600-799)*2.33,  p<.05,  and  z-day  (800-899) =8. 94,  p<.001,  and 
z-nlght  (800-999)=8.25,  p<.001.  The  day  Fh  values  for  the  1000-1199,  1400- 
1599  and  1600-1799  range  intervals  were  found  to  be  significantly  greater 
than  the  AMSAA  values,  while  there  was  no  statistically  significant  dif¬ 
ference  in  Fh  values  at  the  1800-1999  meter  interval.  The  night  Ph  values 
for  the  1000-1199,  1600-1799,  and  1800-1999  meter  intervals  were  signifi¬ 
cantly  greater  than  the  AMSAA  values,  while  there  was  no  significant  dif¬ 
ference  In  Fh  values  at  the  1200-1399  and  1400-1599  meter  intervals.  Gen¬ 
erally  speaking,  the  results  indicate  that  the  combined  day  and  night 
accuracy  performance  for  USAREUR  tank  crews  was  less,  by  about  15  percent, 
than  the  AMSAA  curve  at  the  short  ranges  from  600-1000  meters,  and  somewhat 
better  than  the  AMSAA  curve  at  ranges  from  1000-1800  meters,  by  about  5  to 
10  percent. 
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TABLE  9.3 
2  TEST  FOR  SIGNIFICANCE  OF 


Range  Interval  H1< 
700  900  1100 


AMSAA  Ph 

USAREUR  Ph 

.83 

.74 

.61 

Table  VIII  A 

.72 

.53 

.66 

Total  Hits 

44 

185 

218 

Total  Rounds 

61 

347 

330 

Z  Score 

2.54 

8.94 

1.99 

P 

<.05 

«.001 

<•05 

USAREUR  Tf, 
Table  VIII  B 

.68 

.57 

.71 

Total  Hits 

23 

259 

148 

Total  Rounds 

34 

453 

209 

Z  Score 

2.33 

8.25 

2.96 

P 

<05 

<.001 

<.01 

(2)  Figure  9-2  presents  overall  Ph  performance  of  the  CONUS  tank  crews 
on  all  types  of  engagements  as  a  function  of  target_range.  The  curves  show 
the  following  relations.  One,  both  curves  present  Ph  values  across  almost 
all  ranges  that  are  much  higher  than  the  AMSAA  curve.  Two,  the  Table  VIII 
B  (night)  curve  presents  a  Ph  value  of  .64  at  the  2500  meter  range  (see  table 
9-2)  which  can  only  be  considered  as  unrealistically  high  and  which  calls  into 
doubt  the  reliability  and  validity  of  CONUS  target  sensing  and  scoring  stan¬ 
dards.  Three,  the  difference  in  Ph  performance  between  the  Table  VIII  A  and 
B  curves  appear  at  the  extremes.  Day  performance  seems  to  be  better  than 
night  performance  at  the  800-999  meter  interval  while  night  performance  is 
superior_to  day  performance  at  2500  meters.  There  is  no  practical  difference 
between  Ph  values  at  the  ranges  from  1000  to  1800  meters.  Four,  both  curves 
show  optimum  performance  at  the  1200-1399,  and  1600-1799  meter  range  intervals 
indicating  that  the  CONUS  tank  crews  probably  do  their  best  shooting  at  the 
middle  ranges  from  1200  to  1800  meters. 

c.  The  Effects  of  Engagement  Variables  on  Accuracy  and  Firing  Time. 

This  section  presents  a  description  of  how  combinations  of  different  engage¬ 
ment  variables  influenced  the  gunnery  performance  of  the  sample  tank  crews. 

The  description  of  their  effects  on  accuracy  performance  will  be  presented 
first,  followed  by  the  description  of  their  effects  on  firing  time. 

(1)  The  Effects  of  Engagement  Variables  on  First  Round  Accuracy.  Before 
the  descriptions  are  presented,  it  must  be  noted  that  the  engagement  condi¬ 
tions  of  the  USAREUR  and  CONUS  battalions  differed  in  their  specifics  for 
many  of  the  engagements.  These  differences  are  due,  presumably,  to  differences 
in  range  facilities,  ammo  availability,  and  emphasis  on  different  types  of 
engagements.  There  were  two  engagement  conditions  that  were  similar.  They 
Involved  precision  and  battlesight  engagements  firing  HEAT  ammo  at  stationary 
targets.  The  other  engagement  conditions  varied  on  one  factor  or  another. 

(a)  Precision  Versus  Battlesight  Engagement  Methods.  Figure  9-3  and 
figure  9-4  presents  the  USAREUR  and  CONUS  Ph  curves  for  precision  and  battle- 
sight  engagements  firing  HEAT  ammo  at  stationary  targets  on  Table  VIII  A 
(Day).  Comparing  the  precision  and  battlesight  curves  with  one  another  on 
both  graphs  shows  no  practical  difference  in  first  round  mean  hit  probability 
performance  between  engagement  methods.  The  battlesight  method  is  as  accurate 
as  the  precision  method  over  the  ranges  for  the  battlesight  engagements,  600 
to  1800  meters.  Figures  9-5  and  9-6  present  the  same  engagement  conditions  for 
Table  VI 1 1  B  (night).  Figure  9-5,  which  appears  to  describe  the  more  valid 
functions  shows  that  first  round  mean  hit  performance  is  almost  identical 
at  the  1000  to  1199  meter  range  Interval;  .71  for  precision  and  .70  for 
battlesight  (see  table  9-6),  and  substantially  better  for  battlesight  at  the 
1200  to  1300  meter  Interval.  Again  there  are  no  consistent  differences  in 
first  round  mean  hit  probabilities  between  engagement  methods. 
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_  (b)  Figure  'Mi  is  interest  iny  in  tli.it  _M.  describes  ll.it  sloped,  tor  the 

Ph  functions  across  range,  indicating  that  T*h  is  independent  of  the  influence 
of  range.  It  is  difficult  to  believe  that  these  curves  describe  the  true 
performance  parameters  $f  CONUS  battalions  on  Table  VIII  B. 

(c)  Moving  Versus  Stationary  Targets.  Figures  9-7  and  9-8  present  the 
CONUS  Ph  curves  for  engaging  stationary  and  moving  targets  on  Table  VIII  A  (Day) 
and  B  (Night),  respectively.  The  results  are  similar  to  the  previous  com¬ 
parisons.  The  plots  show  no  consistent  difference  in  first  round  mean  hit 
probability  between  precision  engagements  against  stationary  and  moving  tar¬ 
gets.  Figure  9-9  presents  the  plots  of  USAREUR  tank  crews  engaging  moving 
targets  with  battlesights  and  firing  TPDS-T  ammo.  During  the  day,  their 
Ph  values  at  the  600-799  and  800-999  meter  range  intervals  were  .58  and  .57 
respectively  (see  table  9-10).  The  closest  comparison  that  can  be  made  is 
to  compare  the  above  values  with  those  in  figure  9-3,  table  9-4,  where  stationary 
targets  were  engaged  with  the  battlesight  method  and  HEAT  was  the  ammo.  The 
Ph  values  for  these  conditions  were  .72  for  the  600-799  meter  interval  and 
.65  for  the  1000-1199  meter  interval.  These  results  indicate  that  performance 
against  the  stationary  targets  was  considerably  better,  but  there  is  no  way 
to  determine  what  effect  the  different  types  of  ammo  contributed  to  the  dif¬ 
ference.  Comparing  the  Table  VIII  B  scores  in  figure  9-9,  table  9-10,  with  th® 
battlesight  curve  in  figure  9-5,  suffers  from  the  same  problem  in  that  the 
ammo  is  different.  On  the  one  range  interval  shared  by  both  curves,  the 
800-999  meter  interval  Ph  on  the  moving  target  was  .69  (see  table  9-10),  while 
the  value  for  the  stationary  target  was  .41  (see  table  9-6),  a  reversal  from 
the  previous  Table  VIII  A  comparison.  It  suffices  to  say  that  these  compari¬ 
sons  are  confounded,  inconsistent,  and  show  no  definite  trends.  Taken  as  a 
whole,  the  CONUS  and  USAREUR  data  indicate  that  target  motion  had  negligible 
effect  on  first  round  mean  accuracy  performance. 

(2)  The  Effects  of  Engagement  Variables  on  First  Round  Firing  Time. 

The  firing  time  statistics  presented  in  this  section  consist  of  means  and 
standard  deviations  presented  in  tables  which  accompany  the_figures.  The 
statistics  were  derived  in  the  same  manner  as  the  previous  Ph  values  were; 
by  pooling  the  data  within  the  200  meter  range  Intervals  and  calculating 
the  statistics  from  the  pooled  data.  The  figures  in  this  section  present 
plots  of  the  first  round  mean  firing  times  over  range,  although  it  will  be 
found  that  range  has  only  minimum  influence  on  firing  time.  Nevertheless, 
some  understanding  of  functional  relationships  can  be  derived  from  plots  of 
the  means  that  describe  the  general  nature  of  the  relation  between  firing 
time  and  various  engagement  factors.  Graphs  of  these  functions  are  presented 
in  the  following  paragraphs. 

a.  The  Effects  of  Target  Range,  Time  of  Day,  and  Engagement  Method. 

Figures  9-10  and  9-11  present  plots  of  mean  firing  time  for  precision  and 
battlesight  engagements  on  Table  VIII  A  (Day)  and  B  (Night)  for  USAREUR  and 
CONUS  tank  crews,  respectively.  Examination  of  the  plots  reveal  that  if 
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smoothed  out,  the  slopes  of  the  curves  would  be  faifly  close  to  the  hori¬ 
zontal,  although  they  would  be  positively  angled  to  some  extent.  This 
relationship  Indicates  that  the  factor  of  range  has  much  less  Influence  on 
firing  time  than  It  has  on  accuracy  performance. 

(1)  Day/Night  influences  firing  time  in  the  expected  direction.  Over¬ 
all  mean  firing  times  for  precision  and  battleslght  targets  were  generally 
faster  during  the  day  than  during  the  night.  Tables  9-11A  and  B  and  9-12A 
and  B  Indicate  that  the  magnitude  of  the  Increase  was  about  1  to  5  seconds  for 
precision  engagements  and  from  2.0  to  2.5  seconds  for  battleslght  engagements. 


(2)  Engagement  method  appears  to  have  considerable  effect  on  firing 
time.  Mean  firing  times  for  battleslght  engagements  were  much  faster  than 
for  precision  engagements.  Tables  9-1  IB  and  9-1 2B  denote  that  overall  mean 
firing  times  .for  USAREUR  and  CONUS  tank  crews  on  Table  VIII  A  battleslght 
engagements  were  7.58  and  9.49,  respectively,  while  their  corresponding  values 
for  precision  engagements  In  tables  9-1 1A  and  9-12A  were  14.29  and  18.97 
seconds.  The  overall  mean  firing  times  were  compared  In  a  series  of  t-tests 
to  determine  If  the  battleslght  engagements  were  significantly  faster  than 
precision  engagements.  The  results  are  presented  in  table  9-13.  The  results 
In  table  9-13  show  that  In  all  four  comparisons,  the  first  round  mean  firing 
time  for  battleslght  engagements  were  significantly  faster  than  for  precision 
engagements. 

TABLE  9-13 


t-Tests  of  Overall  First  Round  Mean  Firing  Times 
(Target  Motion:  Stationary:  Ammo:  Heat) 


Mean 

Source 

Precision 

Battleslght 

Di  f ference 

S.E.  Diff 

t 

P 

Table  VIIIA 
(Day) 
USAREUR 
CONUS 

Tabla  VI t IB 
(Night) 
USAREUR 
CONUS 

14.29 

18.97 

7.58 

9.49 

6.71 

9.48 

0.4308 

0.7823 

15.58 

12.12 

<  .001 
<  .001 

15.39 

23.90 

10.78 

11.59 

4.61 

12.31 

0.8457 

0.1825 

5.45 

67.45 

<  .001 
<  .001 

(b)  The  Effects  of  Target  Motion.  Figures  9-12  and  9-13  present  plots  of 
mean  firing  times  for  USAREUR  and  CONUS  tank  crews  on  moving  target  engage¬ 
ments.  The  conditions  of  target  motion  and  type  of  ammo  are  confounded  In 
figure  9-12  and  should  be  taken  into  consideration  when  making  comparisons. 
Nevertheless,  the  curves  in  figure  9-12  do  not  show  any  apparent  increase  in 
firing  time  produced  by  the  effects  of  target  motion.  Statistics  from  the 
CONUS  sample  provide  additional  evidence  to  support  this  interpretation.  A 
comparison  of  the  mean  firing  times  between  moving  and  stationary  targets 
from  tables  9-1 2A  and  9-15  reveal  that  the  overall  means  for  moving  targets 
were  17.02  and  19.32  for  Table  VIII  A  and  B,  while  the  corresponding  means 
for  stationary  targets  were  18.97  and  23.90. 

(c)  The  Correlation  Between  Mean  Hit  Probability  and  Mean  Firing  Time. 

The  polnt-biserial  correlation  coefficients  (rpb)  between  the  first  round 
accuracy  and  firing  time  score  on  all  main  gun  target  engagements  were 
calculated  for  each  battalion  on  Table  VIII  A  and  B.  The  coefficient  pro¬ 
vides  an  estimate  of  the  strength  and  direction  of  the  linear  association 
between  accuracy  and  firing  time.  The  question  under  study  was  to  deter¬ 
mine  if  a  strong  association  exists  between  accuracy  and  firing  speed  and 
if  so,  to  determine  the  nature  of  the  relationship;  whether  they  are 
positively  or  negatively  associated. 

(1)  Fifty-nine  individual  point-biserlal  correlation  coefficients  from 
the  USAREUR  battalions  were  arranged  into  a  table  according  to  type  of  engage¬ 
ment.  They  were  examined  to  detect  any  patterns  or  relationships.  The 
results  were  negative.  Fifty-one  of  the  correlations  were  not  significant. 

Six  negative  correlations  were  statistically  significant.  The  results  were 
similar  for  the  CONUS  battalions.  From  a  total  of  36  rpb  correlations  that 
were  compared,  31  were  not  significant,  and  5  negative  correlations  were 
significant. 

(2)  These  results  can  only  be  interpreted  to  mean  that  there  is  very 
little  association  between  time  taken  to  fire  the  first  round  and  hit 
probability.  Furthermore,  if  there  Is  any  association,  it  seems  to  be  in 
the  negative  direction  which  means  that  as  firing  time  increases,  accuracy 
decreases.  There  was  a  total  of  13  significant  rpb  correlations  out  of  95 
for  the  combined  USAREUR-CONUS  sample.  Eleven  of  the  13  significant  cor¬ 
relations  were  negative.  Figure  9-14  presents,  graphically,  two  typical 
battalion  examples  of  the  functional  relations  between  first  round  Ph  and 
firing  time.  Included  are  curves  for  a  precision  and  a  battlesight  target. 

The  function  for  the  precision  target  is  U  shaped,  while  the  function  for 
the  battlesight  target  is  at  first  positively  angled  and  then  tails  off  Into 
a  negative  slope.  The  curves  suggest  that  the  function  may  not  be  linear. 

It  may  be  curvilinear,  perhaps  In  the  form  of  an  Inverted  U  (fl).  In  this 
case,  maximum  accuracy  would  be  achieved  at  an  optimum  firing  time  and  would 
decline  if  firing  time  were  faster  or  slower  than  the  optimum.  Additional 
analysis  is  required  to  define  the  true  relationship.  In  any  case,. a  study 
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TABLE  9-15A 


TABLE  VIII  A 

First  Round  Mean  Hit  Probability  (Ph) 
by  Time  Interval 

UJD  Bn.,  Target  4:  Range:  1600-1800  Meters;  Engagement 
Method:  Precision;  Target  Motion:  Stationary;  Ammo:  HEAT 
rpb  =  .01,  Not  Significant 


Time 


Interval 


10-12  20  1  21  95.24 

13-15  17  4  21  80.95 

16-18  3  2  5  60.00 

19-21  2  0  2  100.00 

22-24  0  0  0  - 

25-27  1  0  1  100.00 
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TABLE  9-1 5B 
TABLE  VIII  A 

First  Round  Mean  Hit  Probability  (Ph) 
by  Time  Interval 

EDB  Bn.,  Target  5:  Range:  1000-1200  Meters;  Engagement 
Method:  Battlesight;  Target  Motion:  Stationary;  Ammo:  HEAT 
rPb=  -.23,  Not  Significant 


Time 

Interval 

(Seconds) 

4-6 

7-9 

10-12 

13-15 

16-18 

19-21 


Misses 


TOTAL 


66.67 

83.33 
90.00 
50.00 

33.33 


of  the  data  in  tables  9-15A  and  9-15B  seem  to  indicate  that  little  improvement 
results  in  accuracy  by  taking  more  time  to  fire  than  is  necessary  for  a  rapid, 
precise,  gun  lay  in  which  the  gunner  does  not  sacrifice  precision  for  speed. 

S-3.  Findings  and  Conclusions.  The  analysis  of  the  overall  main  gun  perfor¬ 
mance  of  the  US ARE UR  and  CONUS  tank  crews  on  Table  VIII  has  produced  some 
broad  estimates  of  performance  parameters  which  partly  describe  the  present 
state  of  tank  gunnery  on  Table  VIII  in  the  Army.  These  findings  and  conclu¬ 
sions  are  summarized  below: 

(1)  Table  VIII  data  from  the  sample  USAREUR  battalions  appears  to  be 
more  valid  and  reliable  than  data  from  the  CONUS  battalions. 

(2)  Both  USAREUR  and  CONUS  tank  crews  seem  to  fire  most  accurately  at 
the  middle  ranges  from  approximately  1000-1800  meters.  First  round  accuracy 
at  the  short  ranges  from  600-1000  meters  is  relatively  poor. 

(3)  There  does  not  seem  to  be  any  practical  difference  in  main  gun 
accuracy  performance  between  Table  VIII  A  (Day)  and  Table  VIII  A  (night). 

(4)  There  Is  no  difference  In  first  round  accuracy  between  precision 
and  battleslght  engagement  methods  in  the  battleslght  range  band  (from 
600-1800  meters). 

(5)  There  Is  little  difference  In  first  round  accuracy  and  firing  time 
when  engaging  either  stationary  or  moving  targets. 

(6)  Target  range  does  not  have  much  influence  on  first  round  firing 
times. 

(7)  Time  of  day  does  affect  first  round  firing  time,  and  in  the  expected 
direction.  Generally  speaking,  first  round  firing  time  during  the  day  Is 
faster  than  during  the  night. 

(8)  Engagement  method  has  considerable  effect  on  first  round  firing 
time.  Mean  firing  times  for  battleslght  engagements  were  much  faster  than 
for  precision  engagements. 

(9)  There  does  not  seem  to  be  a  strong  linear  correlation  between  first 
round  accuracy  and  firing  time. 
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9-4.  Individual  Analyses  of  the  Sample  Tank  Battalions. 

a.  This  section  presents  separate  analyses  of  the  15  sample  tank  bat¬ 
talions.  Each  analysis  presents  a  description  of  how  a  battalion  performed 
on  Table  VIII,  Results  are  provided  showing  how  engagement  variables  and 
their  interactions  affected  gunnery  performance.  The  analyses  should  be 
useful  for  evaluating  the  gunnery  performance  of  individual  battalions  on 
Table  VIII  in  relation  to  the  particular  set  of  main  gun  engagement  condi¬ 
tions  which  comprised  each  test. 

b.  Contents  and  Organization. 

(1)  Each  analysis  is  presented  in  a  separate  section  which  consists 
of  written  text  followed  by  a  set  of  tables  and  figures.  The  results  of 
the  analysis  appear  in  these  graphics.  Each  set  of  graphics  begins  with  a 
summary  table  entitled  Gunnery  Performance  Measures.  It  presents  specifica¬ 
tions  of  each  target  engagement  and  data  and  descriptive  statistics  of  the 
two  performance  variables.  Included  are  the  first  round  mean  hit  probability 
(Ph) scores,  firing  time  scores,  and  point-bi serial  correlation  coefficients 
for  each  target  engagement.  The  table  provides  a  reference  for  the  rest  of 
the  analysis.  Following  the  first  table  are  two  identical  sets  of  graphs, 
each  comprising  two  tables  and  a  figure.  In  the  first  set,  the  first  table 
is  an  analysis  of  variance  summary  table  which  presents  the  results  of  a 
tnree-factor  analysis  of  variance  of  first  round  hit  probability  scores. 
Second  is  a  companion  table  listing  the  mean  values  for  the  factors  in  the 
analysis  of  variance  which  are  Pt,  values  converted  into  percentages. 

Third,  is  a  figure  displaying  plots  of  the  means  for  the  Tables  X  Targets 
interaction.  Provided  in  the  second  set  of  two  tables  and  a  figure  are 

the  results  of  the  analysis  of  variance  of  first  round  firing  time  mea¬ 
sures.  At  the  time  of  writing,  these  seven  tables  and  figures  comprised 
the  basic  set  of  graphics  for  each  battalion  analysis.  The  set  of  figures 
does  not  describe  a  complete  analysis  in  every  case  and  needs  to  be  ex¬ 
panded  for  complete  coverage. 

(2)  The  analysis  of  variance  test  used  for  the  analyses  was  a  computer 
program  from  Dixon,  W.  0.  (ed.)  BMD  Biomedical  Computer  Programs,  1974, 
University  of  California  Press,  (BMD08V,  pp.  693-704).  The  program  had  one 
major  restriction  that  produced  some  discrepancies  in  the  results.  The  pro¬ 
gram  required  an  equal  number  of  tank  crews  in  each  company  or  it  would  not 
run.  Thus  the  number  of  tank  crews  for  all  compan.vs  was  determined  by  the 
company  which  had  the  smallest  number.  For  example,  if  A  Company  had  17 
tank  crews,  B  Company  had  16  tank  crews,  and  C  Company  had  14  tank  crews, 
the  number  of  tank  crews  tested  in  the  analysis  of  variance  would  be  the 
first  14  crews  in  each  company.  Data  from  the  last  three  crews  in  A  Company 
and  the  last  two  crews  in  B  Company  would  not  be  included  in  the  test.  The 
mean  values  derived  from  an  analysis  of  variance  which  did  not  use  data  from 
all  tank  crews  in  the  battalion  differed  somewhat  from  the  means  presented 


in  the  Summary  of  Gunnery  Performance  Measures  table  which  did  use  the  data 
from  all  tank  crews.  In  most  analyses  the  number  of  crews  not  included  did 
not  amount  to  more  than  three  or  four  and  their  loss  did  not  affect  the 
results  substantially.  In  battalions  with  large  differences  In  number  of 
crews  between  companys,  a  different  approach  was  taken.  The  company  factor 
was  dropped  from  the  analysis  of  variance  design  and  the  data  from  all  crews 
were  then  included  in  the  analysis. 


c.  Analysis  of  the  Sample  Battalions. 


(1)  The  analyses  of  the  individual  battalions  are  presented  in  the 
following  sections.  Analyses  of  the  eight  USAREUR  battalions  are  presented 
first  followed  by  the  analyses  of  the  seven  CONUS  battalions. 

(2)  Before  the  analyses  are  presented,  it  Is  necessary  to  explain  the 
code  system  used  for  identifying  individual  battalions.  The  identification 
code  for  each  battalion  consists  of  three  letters.  The  first  letter  will 

be  either  an  E  or  a  U.  They  specify  whether  it  is  either  a  USAREUR  battalion 
(E)  or  a  CONUS  battalion  (Uj.  The  second  letter  identifies  the  individual 
battalion  and  will  be  used  when  referring  to  it;  such  as  the  "A"  Battalion. 
The  third  letter  specifies  the  division  or  brigade  to  which  the  battalion  is 
assigned;  such  as  the  "C"  Division. 


(3)  Analysis  of  the  EBB  Battalion. 

• 

(a)  B  Battalion  had  a  mixed  organization.  A  Company  was  equipped  with 
M60A0S  tanks,  while  B  and  C  Company  were  equipped  with  M60A1  tanks.  Table 
9-B-l  presents  the  Summary  of  Gunnery  Performance  Measures  for  the  B 
Battalion.  The  statistics  in  table  9-B-l  were  based  on  data  from  a  total 

N  of  34  tank  crews:  12  in  A  Company,  10  in  B  Company,  and  12  in  C  Company. 
The  statistics  in  the  analyses  of  variance  were  based  on  data  from  a  total 
N  of  30  tank  crews,  the  first  10  from  each  company. 

(b)  Table  9-B-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  The  results  show  that  the  main  effect  of  targets 
was  statistically  significant  (F*9.35,  p<.001),  and  the  interaction  effects 
of  Companys  X  Targets  was  statistically  significant  (F=2.55,  p^.05).  Mean 
Ph  values  for  these  effects  are  presented  in  table  9-B-3  which  contains  an 
abridged  list  of  all  Ph  values  for  the  main  effects  and  interactions  except 
for  the  Companys  X  Tables  X  Targets  interaction.  The  Targets  main  effect 
was  analyzed  by  a  Tukey's  (HSD)*Test.  The  results  indicated  that  the  bat¬ 
talion  tank  crews  P||  value  on  Target  4,  the  only  engagement  firing  HEP  ammo, 
was  significantly  less  (p  <.01 )  than  on  the  other  targets.  Target  numbers 
used  In  the  text  refer  to  the  order  in  which  the  targets  appear  in  the  first 
table,  9-B-l,  Summary  of  Gunnery  Performance  Measures,  i.e.,  the  first  target 
entered  in  table  9-B-l  is  Target  1,  the  second  is_Target  2,  etc.  There  was 
no  other  statistically  significant  difference  in  Ph  between  the  targets. 
Examination  of  the  means  for  the.  Companys  X  Targets  interaction  indicated 
that  C  Company  had  the  highest  Ph  values  on  Targets  1,  2,  and  5,  but  the 
lowest  Ph  on  Target  3. 

(c)  Table  9-B-4  presents  the  results  of  the  analysis  of  variance  of 
firing  time  measures.  The  results  show  that  significant  main  effects  were 
Companys  (F=*4.67,  p<.05),  and  Targets  (F=50.10,  p  <.001 ),  and  significant 
Interaction  effects  were  Tables  X  Targets  (F=4.43,  p<.01).  Mean  firing 
time  values  for  these  effects  are  presented  in  table  9-B-5.  The  Companys 
main  effect  was  analyzed  by  examining  the  Company  means.  They  indicated 
that  A  and  B  Companys'  overall  mean  firing  times  were  significantly  faster 
(p  <.05)  than  C  Company's.  The  Targets  main  effect  and  the  Tables  X  Target 
interaction  effect  were  related.  The  target  means  were  analyzed  in  a 
Tukey's  (HSD)  Test.  The  results  indicated  that  the  mean  firing  times  on 
Targets  1,  2,  and  5  were  significantly  faster  (p<  .01)  than  the  mean  firing 
times  for  Targets  3  and  4.  The  Tables  X  Targets  interaction  is  graphically 
presented  in  figure  9-B-2  and  shows  that  the  mean  firing  time  on  Targets  3 
and  4  were  longer  on  Table  VIII  A  (Day)  than  on  Table  VIII  B  (Night),  while 
the  reverse  relation  was  the  situation  on  the  other  targets. 

(d)  Company  A  in  B  Battalion  was  equipped  with  M60A0S  tanks,  whereas 
B  and  C  Company  had  M60A1  tanks.  Nevertheless,  comparison  of  between 

*  Honestly  Significant  Difference. 
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Company  P^  values  showed  no  difference  in  accuracy^  Also  A  Company  did  not 
differ  in  any  way  from  the  other  Companys  in  terms  of  firing  time.  The 
main  findings  appear  to  be  the  following:  One,  first  round  accuracy  was 
similar  for  all  targets  except  the  HEP  target  where  accuracy  was  much  poorer, 
only  11  percent  overall.  Two,  mean  firing  time  for  the  two  precision  engage¬ 
ments  were  slower  than  for  the  other  two  which  were  battlesight  (Target  3 
was  mixed). 


TABLE  9-R-1 

GUNNERY  PERFORMANCE  MEASURES 


UNIT  EM 


ROUND  1 


GUNNERY  RANGE 


TARGET  CHARACTERISTICS 
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*  Engagement  Method 


Illumination 


8  •  Gunner:  Oayliqht  Battleslght 
C  *  TC,  Gunner:  Ranqecard 
I  »  Gunner:  IR  Battleslght 
P  •  Gunner:  Oayliqht  Precision 
R  •  Gunner:  IR  Precision 
S  ■  TC:  Oayliqht  Battles Ight 
T  •  TC:  Oayliqht  Precision 
X  -  TC:  IR  SO  Cal.  Siqht 


A  *  Ambient  Light 
W  -  Artificial  White  Light 
1  l  ■  Infrared  Light 

B-P  Target  No.  2  AU  were  battlesight  targets  for  A  Co 
(N6QA0S),  and  precision  targets  for  BBC  Co  (N6QA1). 
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TAMT  <M-7 
I  A|ll  I  ¥111  A  amt  M 
ANALYSIS  Of  VARIANCE  SUMMARY 
EM  SUMMERY  MEASURE  1st 


ABC  -  Companys  X  Table 


1891.644 


NBC(A)  -  Error 


1799.866 


P  Values  of  F 

N.S  ■  F  value  Is  not  statistically  significant. 

*  .05,  <.01,  *.005, <  .001  »  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 


9-47 


TABU  9-8-3 

rinu  taunt*  taan  Value* 


PLNHMMANCt  MtAMiHI  I’l, 


UNIT  EH 

1.  Ovarall  Mma  *  40.7 


2. 

Tabla  VIII  A 

Tabla  VIII  B 

42.0 

39.3 

3. 

Company* 

Co  A 

Co  8 

Co  C 

38.0 

36.0 

48.0 

4. 

Tarots 

1 

2 

3 

4 

51.7 

50.0 

36.7 

11.7 

S. 

C«N>any 

A  (Day) 

Tabla  VIII 

8  (Night) 

A 

40.0 

36.0 

• 

34.0 

38.0 

C 

52.0 

44.0 

6.  Target 


Tabla  VIII 

1 

2 

3 

4 

5 

A  (Day) 

46.7 

46.7 

46.7 

13.3 

56.7 

8  (Night) 

66.7 

63.3  26.7 

Target 

10.0 

50.0 

Co*any 

1 

2 

3 

4 

5 

A 

46.0 

56.0 

40.0 

5.0 

45.0 

8 

50.0 

25.0 

50.0 

15.0 

40.0 

C 

60.0 

70.0 

20.0 

15.0 

75.0 
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TABLE  9-R-4 
TAHII  VIII A  mid  l« 


ANALYSIS  OF  VARIANCE  S1M4ARY 

UNIT  EBB _ GUNNERY  MEASURE  1st  Round  Firing  Tim 


m 

■HRI 

F 

H 

A  -  Cavan  vs 

2 

242.003 

4.67 

<  .05 

B  -  Table 

1 

99.763 

4.04 

bib 

C  -  Taroets _ 

4 

1099.633 

50.10 

<  .001 

1 

27 

51.837 

;>< 

2 

58.323 

2.36 

■K9 

AC  -  Caswanvs  X  Taroets _ 

8 

32.114 

1.46 

mi 

BC  -  Table  X  Target* 

4 

92.145 

4.43 

<  .01 

NB(A)  -  Error 

27 

24.699 

-x; 

NC(Al  -  Error _ 

156 _ . 

21.947 

><C 

II 

■■TnTIWMn 

Hi 

30.971 

m 

HBC(A)  -  Error 

HS 

20.789 

■ 

f  Values  of  F 

N.S  ■  F  value  Is  not  statistically  significant. 

*  .05,  *.01 ,  *.005,  <.001  -  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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UNIT  EM 


TABLE  9-B-S 
First  Round  Moan  Values 


PERFORMANCE  MEAUSRE :  Tiring  Tine 


1. 

Overall  Mean 

•  11.5 

2. 

Table  VIII  A  (IJay) 

Table  VIII  8  (Night) 

12.1 

10.9 

3. 

Conpanys 

Co  A 

Co  B 

Co  C 

10.9 

10.3 

13.2 

4. 

Target 

1 

2 

3 

4 

$ 

8.5 

8.7 

17.1 

15.1 

8.0 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

11.4 

10.4 

B 

10.1 

10.4 

C 

14.6 

11.9 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

8.8 

8.8 

19.0 

16.8 

6.9 

B  (Night) 

8.3 

8.6 

15.2 

13.4 

9.1 

7. 

Target 

Coapany 

1 

2 

3 

4 

5 

A 

8.7 

6.8 

16.1 

14.7 

8.5x 

B 

7.4 

7.2 

16.2 

15.2 

5.5 

C 

9.5 

12.2 

19.0 

15.5 

10.1 

rst  Round  Mean  Firing  Time  on  Table  VIII  Main  Gun  Targets 


(4)  Analysis  of  the  ECB  Battalion. 


(a)  Table  9-C-l  presents  the  Summary  of  Gunnery  Performance  Measures  for 
the  C  Battalion.  The  statistics  in  table  9-C-l  were  based  on  data  from  a 
total  N  of  32  tank  crews:  10  in  A  Company,  10  in  B  Company,  and  12  in  C 
Company.  The  statistics  in  the  analyses  of  variance  were  based  on  data  from 
a  total  N  of  30  tank  crews,  the  first  10  from  each  company. 

(b)  Table  9-C-2  presents  the  results  of  the  analysis  of  variance  of  first 
round  Ph  scores.  The  results  show  that  only  one  main  effect  in  the  analysis 
was  statistically  significant.  It  was  the  Targets  effect  (F=18.24,  p<001). 

A  Tukey's  (HSO)  Test  of  the  target  means,  presented  in  table  9-C-3,  indicated 
that  Targets  3  and  4  had  Ph  values  significantly  lower  (p<.001)  than  the 
Ph  scores  for  Targets  1,  2,  and  5. 

(c)  Table  9-C-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  There  was  one  significant  effect.  Targets 
(F=14.91,  p<.001).  Target  means,  presented  in  table  9-C-5,  were  analyzed 
in  a  Tukey's  (HSD)  Test.  The  results  indicated  that  Targets  3  and  4  had 
significantly  longer  mean  firing  times  (pc.Ol)  than  Targets  1,  2,  and  5. 

(d)  Examination  of  figure  9-C-l  shows  that  Targets  3  and  4  had  longer 
ranges  than  the  other  targets.  Also,  Target  3  was  a  TC-precision  engage¬ 
ment  and  Target  4  used  HEP  ammo.  These  factors  may  have  contributed  to  the 
performance  differences. 


TABLE  9-C-1 

GUNNERY  performance  heasurcs 


UNIT  L.CB  RlWNO  t  UUNNIUY  HANtU 


I 


<i 


*  Engagement  Method 


II luni nation 


B  -  Gunner:  Dayllqht  Battlesiqht  A  -  Ambient  Light 

C  *  TC.  Gunner:  Ranqecard  W  -  Artificial  White  Light 

I  ■  Gunner:  IR  Battlesiqht  I  »  Infrared  Light 

P  •  Gunner:  Dayllqht  Precision 
R  ■  Gunner:  IR  Precision 
S  -  TC:  Dqyllght  Battleslght 
T  ■  TC:  Oayllaht  Precision  g.54 

X  -  TC:  IR  SO  Cal.  Sight 


ANALYSIS  OF  VARIANCE  StMWRY 


UNIT _ [3 _ GUNNERY  NEASURE  lit  found  K 


P  Values  of  F 

N.S  •  F  value  is  not  statistically  significant. 

«  .05,  <.01,  <.005, <.001  -  F  value  is  significant  at  less  than  the  percent 
value  indicated. 


T 


TMLC  9-C-3 

First  Round  Mmr  Values 


UNIT  CCS 

FI  HI  ONHANCl  HI  AMIRI 

f'h 

1. 

Out  roll  Naan  ■ 

48.3 

2. 

Table  VIII  A  (Day) 

Table  VII!  B  (Night) 

46.0 

50.7 

3. 

Coap *nyt 

CO  A 

CO  B 

Co  C 

43.0 

45.0 

57.0 

4. 

Target 

1 

2 

3 

4 

5 

63.3 

65.0 

20.0 

25.0 

68.3 

S. 

Coapany 

A  (Oay) 

Table  VIII 

B  (Night) 

A 

40.0 

46.0 

• 

36.0 

52.0 

C 

60.0 

54.0 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

S6.7 

66.7 

10.0 

26.7 

70.0 

B  (Night) 

70.0 

63.3 

30.0 

23.3 

66.7 

1, 

Target 

Coapany 

1 

2 

3 

4 

5 

A 

66.0 

55.0 

10.0 

15.0 

70.0 

B 

60.0 

65.0 

15.0 

20.0 

65.0 

C 

66.0 

75.0 

35.0 

40.0 

70.0 
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TABU  9-C-4 
TABLE  VII!  A  and  R 


ANALYSIS  OF  VARIANCE  SUMMARY 

UNIT  ECB _ SUMMERY  MEASURE  1st  Round  Firing  Tit 


IKH 

HH 

1 

F 

■ 

_  A  -  Conoanvs 

2 

1.51 

ii 

B  .  Table 

1 

4B.OOO 

1.96 

c  -  Targets _ _ 

4 

322.447 

14.91 

mm 

mmsamm 

27 

25.823 

X 

_ i 

2 

66.280 

mm 

i 

AC  -  Cowpanvs  X  Taroats _ 

B 

9.832 

.... 

4 

19.800 

II 

NB(A)  -  Error 

27 

24.482 

>< 

■■ 

NC(Al  -  Error 

in 

21.623 

5>< 

■I 

ABC  -  Coapanys  X  Table 

K  Tewj. t 

L _ A _ 

13.  ?M 

PH 

■H 

NBC (A)  -  Error 

m 

17.333 

63 

P  Values  of  F 

N.S  ■  F  valuo  Is  not  statistically  significant. 

*  .OS,  <.01,  <.005, <,001  ■  F  value  Is  significant  at  less  than  the  percent 
value  indicated. 
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1AM I  9-C-5 

lii'it  Koimd  Mfan  Values 


i*ii  r  r r* 

I’l  MIOliMANi  1  ril  ing  Ttim> 

1. 

Overall  Mean  1 

■  11.0 

2. 

Table  VI 1 1  A  (Day) 

10.6 

Table  VIII  B  (Night) 

1) 

3. 

Cotnpanys 

Co  A 

Co  B 

Co 

C 

10.6 

10.7. 

11. 

7 

4. 

Target 

1 

2 

3 

4 

5 

8.8 

10.1 

13.9 

13.0 

9.2 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

9.7 

11.4 

B 

11.3 

10.2 

C 

10.8 

12.6 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

8.8 

9.5 

14.2 

12.6 

8.0 

B  (Night) 

8.8 

10.8 

13.6 

13.5 

10.4 

7. 

Target 

• 

Company 

1 

2 

3 

4 

5 

A 

7.7 

9.9 

13.5 

12.7 

9.1 

B 

8.7 

9.5 

14.0 

13.6 

8.0 

C 

10.0 

11.1 

14.3 

12.9 

10.4 
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(5)  Analysis  of  the  EDO  Battalion. 

.  1 

(a)  Table  9-D-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  D  Battalion.  The  statistics  in  table  9-0-1  were  based  on  data 
from  a  total  N  of  3$  tank  crews:  13  in  A  Company,  13  in  B  Company,  and  )3 
in  C  Company.  The  statistics  in  the  analyses  of  variance  were  also  based 
on  data  from  a  total  N  of  39  tank  crews. 

(b)  Table  9-D-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  There  was  one  significant  effect.  Targets 
(F*5Q.94,  p<  .001).  The  target  means,  presented  in  table  9-0-3,  were  com¬ 
pared  for  differences  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that 
Jh  scores  on  Targets  1,  2,  and  5  were  significantly  higher  (p  <.01 )  than 
Ph  scores  on  Targets  3  and  4. 


(c)  The  results  of  the  analysis  of  variance  of  first  round  firing  time 
are  presented  in  table  9-0-4.  Significant  effects  were  Tables  (Fs6.74, 
p<.05),  Targets  (F«24.99,  p<.001),  and  Companys  X  Targets  (F=3.48,  p  <.01). 
Examination  of  the  means  for  tables,  presented  in  table  9-D-5,  indicates 
that  the  mean  firing  time  on  Table  VIII  A  (Day)  was  significantly  faster 
(p<.05)  than  on  Table  VIII  B  (Might).  The  Target  means  were  compared  for 
differences  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that  mean  firing 
time  on  Tarqets  1,  2,  and  5  were  significantly  faster  (p  <.01 )  than  on 
Targets  3  and  4.  Inspection  of  the  means  for  the  Companys  X  Targets  inter¬ 
action  revealed  that  C  Company  had  the  fastest  mean  firing  time  on  Targets 

1  and  S,  and  the  slowest  oh  Targets  2  and  4. 

(d)  Examination  of  figure  9-D-l  shows  that  Targets  3  and  4  had  longer 
ranges  than  the  other  targets.  _Thus  the  range  factor  probably  accounted 
for  most  of  the  differences  in  Ph  and  mean  firing  time  scores  between 
targets . 


f 


*  Enqaqenent  Method  **  Illumination 

B  •  Gunner:  Dayllqht  Battlesight  A  •  Ambient  Light 

C  *  TC,  Gunner:  Ranqecard  W  «  Artificial  White  Light 

I  •  Gunner:  IR  Battlesight  I  *  Infrared  Light 

P  ■  Gunner:  Dayllqht  Precision 
R  ■  Gunner:  IR  Precision 
S  -  TC:  Dayllqht  Battlesight 
T  •  TC:  Dayllqht  Precision  g_62 

X  -  TC:  IR  SO  Cal.  Sight 


value  Indicated. 


TABU  9-0-3 


I  t i  v i  U, >un, I  Hi’.m  VaIim**. 


1*11  MM 

n  i.i  iiiimani  i  i*|, 

l. 

Overtll  Mean 

■  53.8 

2. 

Table  VIII  A  (Day) 

Table  VIII  B  (Night) 

50.8 

56.9 

3. 

Companys 

Co  A 

Co  B 

Co  C 

• 

51.5 

53.8 

56.2 

4. 

Target 

1 

2 

3 

4 

5 

80.8 

78.2 

21.8 

15.4 

73.1 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

50.8 

52.3 

B 

47.7 

60.0 

C 

53.8 

58.5 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

76.9 

76.9 

12.8 

10.3 

76.9 

8  (Night) 

84.6 

79.5 

30.8 

20.5 

69.2 

7. 

Target 

Company 

1 

2 

3 

4 

5 

A 

84.6 

76.9 

23.1 

11.5 

61.5 

8 

76.9 

73.1 

23.1 

15.4 

80.8 

C 

80.8 

84.6 

19.2 

19.2 

76.9 
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TAAU  9-H-4 
TABLl  VUI A  *mt  H 


TABLE  9-0>S 
First  Round  Mean  Values 

UNI1  tot  t*l  t:i  OKMANi  I  MrN  ' 

1.  Overall  Mean  *  12.5 

2.  Table  VI 1 1  A  (Day)  Table  VII!  B  (Night) 

11.8  13.3 


3. 

Company s 

Co  A 

Co  6 

Co  C 

12.2 

12.8 

12.5 

4. 

Target 

1 

2 

3 

4 

5 

10.0 

12.1 

16.3 

14.2 

10.0 

5. 

Company 

A  (Day) 

Table  VIII 

8  (Night) 

A 

11.2 

13.3 

B 

12.0 

13.6 

C 

12.1 

13.0 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

10.0 

11.2 

15.1 

12.9 

9.6 

B  (Night) 

9.9 

12.9 

17.6 

15.6 

10.4 

7. 

Target 

Company 

1 

2 

3 

4 

5 

A 

9.3 

11.5 

16.0 

14.8 

9.5 

B 

12.4 

11.8 

16.7 

11.5 

11.5 

C 

8.2 

12.8 

16.3 

16.3 

9.0 

9-67 


9-0-2  First  Round  Nun  Firing  Ttw  on  Table  VIII  Kiln  Gun  Targets 


(6)  Analyst’.  t»l  lint  LIU  HaLlal  Inn, 

• 

(a)  Table  9-E-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  t^e  E  Battalion.  The  statistics  In  table  9-E-1  were  based  on  data  from 
a  total  N  of  35  tank  crews:  13  in  A  Company,  11  in  B  Company,  and  11  In 

C  Company.  The  statistics  in  the  analyses  of  variance  were  based  on  a 
total  N  of  33  tank  crews,  the  first  11  from  each  company. 

(b)  Table  9-E-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  effects  were  Targets  (F=37.56,  p  <.001 ), 
Companys  X  Targets  (F=2.16  p<.05)  and  Companys  X  Tables  X  Targets  (Fa=2 . 07 , 
p  <.05).  The  Target  means,  presented  in  table  9-E-3A  were  analyzed  in  a 
Tukey's  (HSO)  Test.  The  results  Indicated  that  the  Ph  score  on  Target  2 
was  significantly  higher  (p  < .01 )  than  on  the  other  targets,  and  the  Ph 
scores  on  Targets  1  and  5  were  significantly  higher  (p  < .01 )  than  those 

for  Targets  3  and  4.  Examination  of  the  means  in  the_Companys  X  Targets 
interaction  disclosed  that  B  Company  had  the  highest  Ph  scores  on 
Targets  2,  3,  and  5,  while  A  Company  had  the  highest  score  on  Target  4, 
and  C  Company  had  the  highest  score  on  Target  1.  Examination  of  the  means 
for  the  Companys  X  Tables  X  Targets  Interaction  revealed  that  A  Company's 
?h  scores  on  Targets  3  and  4,  Table  VIII  A  (Day)  were  both  0.0,  and  C 
Company's  ^h  scores  on  Target  3,  (Day)  and  Target  4  (Night)  were  both  0.0. 

(c)  The  results  of  the  analysis  of  variance  of  first  round  mean  firing 
time  are  presented  in  table  9-E-4.  Significant  effects  were  Tables 
(F=28.16,  p  <.001 ) ,  Targets-  (F*20.37,  p  <.001)  ,  and  Companys  X  Tables 
(F=5.77,  p<.01).  Inspection  of  the  means  for  tables,  presented  in  table 
9-E-5,  shows  that  mean  firing  time  on  Table  VIII  A  (Day)  was  significantly 
faster  (p<.001)  than  on  Table  VIII  B  (Night).  The  Target  means  were 
analyzed  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that  the  mean 
firing  times  on  Targets  1  and  5  were  significantly  faster  (p  <.01 )  than 

on  Targets  2,  3,  and  4,  and  the  mean  firing  time  on  Target  2  was  signifi¬ 
cantly  faster  (p < .05)  than  on  Target  3.  Examination  of  the  means  for  the 
Companys  X  Tables  interaction  indicated  that  A  Company  had  the  slowest 
mean  firing  time  on  Table  VIII  A  (Day)  and  the  fastest  mean  firing  time  on 
Table  VIII  B  (Night). 

(d)  It  is  not  readily  apparent  why  Ph  performance  on  Target  2  was  sig¬ 
nificantly  higher  than  on  all  the  other  targets.  In  another  comparison. 
Targets  1  and  5  were  battlesight  engagements,  while  3  and  4  were  precision 
engagements,  and  the  difference  in  engagement  method  could  have  produced 
the  difference  in  Ph  scores  between  these  targets.  Differences  between 
targets  on  mean  firing  time  disclosed  that  the  battlesight  engagements 
produced  faster  mean  firing  times  than  on  the  precision  engagements. 
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GUNNERY  PERFORMANCE  MEASURES 


UNIT  EE* _  ROUND  1  GUNNERY  RANGE  2 


TARGET  CHARACTERISTICS 


MEASURES 


ABLE 

fill 

BSBB1 

a 

”  NO~ 
RNOS. 
AMMO 

— 

(TARGET 

T~ 

L** 

MM 

bS 

m 

~wr. — 

OF 

MISSES 

i 

<TM 

ICAR - 

FIRING 

TIME 

n~i 

s.o. 

A _ 

A 

n 

jUKIo 

H 

35 

13 

wm 

m 

IR 

8.37 

1.59 

m 

R 

■ntivai 

H 

2 

HEAT 

A 

35 

28 

i 

m 

.07 

11.52 

1.99 

A _ 

1 

IIIbkjvvjbi 

iMn* 

n 

HEAT _ 

tr 

A 

35 

n 

29 

H 

.06 

14.55 

1.23 

H 

MmLuM 

19 

liJMM 

n 

3 

32 

.05 

13.45 

1.99 

A 

V 

1. 1 

11 

mm 

Hull 

H 

35 

23 

12 

m 

.08 

7.55 

EJ! 

■ 

H 

l 

700- 

BOO 

n 

br*S 

n 

Bfl 

17 

18 

.45 

.09 

10.24 

1.05 

R 

19 

mm 

m 

n 

m 

30 

5 

.85 

.06 

14.85 

1.21 

i 

n 

mm 

Si 

H 

m 

■1 

27 

m 

n 

17.88 

991 

i 

arvS 

19 

mm 

m 

n 

za 

m 

27 

.07 

17.39 

T9! 

s 

850- 

1100 

i 

rm 

m 

Ml 

n 

16 

m 

m 

12.94 

19! 

wm 

■ 

1 

1 

: 

*  Engaisuant  Method 

B  -  Gunner:  Dayllqht  Battleslght 
C  *  TC,  Gunner:  Raneecard 
I  -  Gunner:  IR  Battleslght 
P  •  Gunner:  Oayllght  Precision 
R  •  Gunner:  IR  Precision 
S  ■  TC:  Daylight  Betties IgA t 
T  •  TC:  Oayllght  Precision 


**  Illumination 


A  •  Ambient  Light 
W  -  Artlflclsl  White  Light 
I  ■  Infrared  Light 
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TAhlE  9-E-2 
TAM.C  VtHA  and  It 

analysis  of  variance  summary 

WIT  EO  8UNNERY  MEASURE  1st  Round  Ph 


SCORE - 

OF 

VARIATION 

m 

MEAN  SQUARE 

Hi 

H 

A  -  Comanys 

2 

5848.480 

2.08 

N.S. 

B  -  Table 

1 

757.576 

rm 

C  -  Targets 

4 

57469.690 

37.56 

HM 

mmmMm 

30 

2818.176 

X 

BH 

2 

6575.738 

3.86 

RH 

AC  -  Comanys  X  Taroats 

8 

3310.570 

2.16 

"*.05 

BC  -  Table  X  Targets 

4 

2196.922 

1.57 

cm 

NBfA)  -  Error 

30 

1703.009 

■3 

NC(A)  -  Error 

120 

■mem 

5>c 

2901.448 

m 

H 

NBC(A)  -  Error 

120 

1399.891 

es 

H 

P  Values  of  F 

N.S  »  F  value  Is  not  statistically  significant. 

<  .05,  <.01,  <.005, <.001  •  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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TABU  9-E-3 

first  Kound  Kmd  Values 


(MIT  EEB 

1.  Overall  Mean  ■  41. 5 

2.  Table  VIII  A  (day) 

40.0 


I'l  HI  IHMAfHU  P»i 

Table  VIII  B  (Night) 
43.0 


3. 

Coapanys 

Co  A 

CO  B 

Co  C 

34.5 

49.1 

40.1 

4. 

Target 

1 

2 

3 

4 

5 

43.9 

81.8 

12.1 

13.5 

54.1 

S. 

Coapany 

A  (Day) 

Table  VIII 

B  (Night) 

A 

27.3 

41.8 

B 

SB.4 

41.8 

C 

34.4 

45.5 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

31.4 

7B.4 

12.1 

9.1 

43.6 

B  (Night) 

•1.5 

M.8 

12.1 

18.2 

48.5 

7. 

Target 

Coapany 

1 

2 

3 

4 

5 

A 

27.3 

77.3 

4.5 

22.7 

40.9 

B 

45.5 

84.4 

27.3 

9.1 

77.3 

C 

59.1 

81.  B 

4.5 

9.1 

50.0 
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TABLE  9-E-S 
First  Round  Neon  Values 


tattt 

era 

I'l  III  HUMAN*  1  1  It- 'nil  tin* 

I. 

Overall  Mm n  *  12.9 

2. 

Table  VIII  A  (Day) 

Table  VIII  B  (Night) 

11.2 

14.7 

3. 

Coapenys 

Co  A 

Co  B 

CO  C 

13.1 

12.7 

13.0 

4. 

Target 

1 

2 

3 

4 

5 

9.S 

13.2 

16.2 

15.4 

10.2 

5. 

Coapany 

A  (Dty) 

Table  VIII 

B  (Night) 

A 

12.9 

13.3 

B 

10.3 

15.0 

C 

10.2 

15.7 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

B.7 

11. S 

14.  S 

13.5 

7.5 

B  (Night) 

10.2 

14.0 

17.9 

17.4 

12.9 

7. 

Target 

Coapany 

1 

2 

3 

4 

5 

A 

9.0 

13.3 

10.  S 

14.7 

9.1 

B 

9.1 

12.  S 

16.4 

15.9 

10.5 

C 

9.8 

13.7 

14.7 

16.7 

11.2 

t-n 


Gun  Targets 


(7)  Analysis  of  the  ELF  Battalion. 

« 

(a)  Table  9-L-l  presents  the  Summary  of  Gunnery  Performance  Measures  for 
the  l  Battalion.  The  statistics  In  table  9-L-l  were  based  on  data  from  a 
total  N  of  34  tank  crews:  12  In  A  Company,  10  in  B  Company,  and  12  In  C 
Company.  The  statistics  in  the  analyses  of  variance  were  based  on  a  total 

N  of  30  tank  crews,  the  first  10  from  each  company. 

(b)  Tabje  9-L-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  effects  were  Targets  (F=2.78,  p  <.05), 
and  Tables  X  Targets  (F=8.39,  pc.001).  The  target  means,  presented  in 
table  9-L-3,  were  analyzed  for  significant  differences  in  a  Tukey's  (HSD) 
Test.  The  results  were  negative.  None  of  the  comparisons  attained  the 
.05  level  of  confidence.  It  is,  therefore,  concluded  that  there  were  no 
statistically  significant  differences  between  the  means  for  the  targets 
effect.  However  the  related  Tables  X  Targets  interaction  was  highly 
significant  and  the  means  for  the  interaction  are  plotted  in  figure  9-L_-l . 
Examination  of  the  means  in  table  9-L-3  and  figure  9-L-l  indicate  the  Ph 
scores  on  Target  1,  Table  VIII  A  (Day),  and  Target  4,  Table  VIII  B  (Night), 
were  much  higher,  around  70  percent,  than  the  "Ph  scores  on  the  other  engage¬ 
ments.  Both  of  these  were  battlesight  engagements  at  short  ranges. 

(c)  Table  9-L-4  presents  the  results  of  the  analysis  of  variance  of 
First  round  mean  firing  time  scores.  Significant  main  effects  were  Tables 
!F=15.62,  p<.001)  and  Targets  (F=47.74,  p  < .01 ) .  Significant  interaction 
effects  were  Companys  X  Tables  (F=4.6Q,  p  <.05),  and  Tables  X  Targets 
(F=24.54,  p<.001).  Examination  of  the  Tables  means,  presented  in  table 
9-L-5,  reveals  that  mean  firing  time  during  Table  VIII  A  (Day)  was  signifi¬ 
cantly  faster  than  during  Table  VIII  B  (Night).  The  means  for  the  Targets 
effect  were  compared  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that 
trie  mean  firing  time  on  Target  3,  the  TC-precision  engagement,  was  signifi¬ 
cantly  slower  than  on  the  other  targets.  Inspection  of  the  means  for  the 
Companys  X  Tables  interaction  indicates  that  the  mean  firing  time  for  C 
Company  on  Table  VIII  B  (Night)  was  much  slower  than  the  means  for  the  other 
Companys.  Examination  of  the  means  for  the  Tables  X  Targets  interaction, 
plotted  in  figure  9-L-2,  was  biased  because  there  were  no  measures  for 
Target  2  on  Table  VIII  A  (Day).  However,  comparing  the  other  means  indi¬ 
cated  that  there  were  no  large  differences  except  on  Target  1  where  mean 
firing  time  doubled  from  Table  VIII  A  (Day)  to  Table  VIII  B  (Night).  Tar¬ 
get  1  was  a  battlesight  engagement  using  Infrared  illumination  on  the 
Table  VIII  B  (Night)  engagement. 
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TABLE  »-l-1 

GUNNERY  PERFORMANCE  MEASURES 


2 


*  Engagement  Method 


111 uni  nation 


B  •  Gunner:  Daylight  Battleslqht 
C  ■  TC,  Gunner:  Rangecard 
t  ■  Gunner:  IR  lattleslght 
P  •  Gunner:  Oayllght  Precision 
R  •  Gunner:  IR  Precision 
S  •  TC:  Daylight  Battleslght 
T  -  TC:  Daylight  Precision 
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A  ■  Anblent  Light 
M  •  Artificial  White  light 
I  ■  Infrared  Light 

Multiple  Target  Engagement 


TABLE  9-1-3 
First  Round  Mom  Values 

UNIT  ELF  PERFORMANCE  Ph 

1.  Overall  Mm  -  38.7 

2.  Table  VIII  A  (Day)  Table  VIII  B  (Right) 

38.7  40.7 


,  3- 

Coapanys 

Co  A 

Co  B 

Co  C 

! 

34.0 

40.0 

42.0 

!  «. 

Target 

1 

2 

3 

4 

5 

48.7 

28.3 

36.7 

51.7 

30.0 

5. 

Coapany 

A  (Day) 

Table  VIII 

B  (Night) 

A 

32.0 

36.0 

I 

B 

44.0 

36.0 

i 

C 

34.0 

50.0 

| 

Target 

i 

Table  VIII 

1 

2 

3 

4 

5 

| 

A  (Day) 

70.0 

23.3 

36.7 

33.3 

20.0 

t 

B  (Night) 

23.3 

33.3 

38.7 

70.0 

40.0 

i  7- 

Target 

, 

Coapany 

1 

2 

3 

4 

5 

I 

A 

30.0 

35. 0 

30.0 

50.0 

25.0 

i 

» 

6 

<0.0 

20.0 

30.0 

60.0 

30.0 

f 

C 

50.0 

30.0 

50.0 

45.0 

35.0 

1 

i 
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TABLE  9-L-5 


First  Round  Nun  Values 


(MIT 

11 1 

PlRrowMM:i 

1  Irlixi  ( («* 

1. 

Overall  Naan  ■  1.04 

2. 

Table  VIII  A  (Day) 

Table  VIII  8  (Night) 

8.7 

12.1 

3. 

Compenys 

Co  A 

Co  8 

Co  C 

8.8 

10.4 

11.9 

4. 

Target 

1 

2 

3 

4 

5 

9.1 

7.3 

18.6 

7.0 

9.8 

5. 

Coapany 

A  (Day) 

Table  VIII 

8  (Night) 

A 

8.2 

9.4 

8 

9.4 

11.3 

C 

8.4 

15.5 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

6.2 

— 

19.8 

7.2 

10.2 

8  (Night) 

12.0 

14.6 

17.5 

6.8 

9.4 

7. 

Target 

Coapany 

1 

2 

3 

4 

5 

A 

8.3 

5.2 

16.6 

5.8 

8.3 

8 

7.5 

7.3 

18.7 

8.2 

10.2 

C 

11.6 

9.5 

20.6 

7.1 

11.0 

9-83 


(0)  Analysis  of  the  EMC  Battalion  (A  Brigade  75  Battalion). 

(a)  Table  9-M-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  M  Battalion.  The  figures  are  based  on  data  from  a  total  N  of  27 
tank  crews:  4  in  A  Company,  9  in  B  Company,  and  14  in  C  Company.  Since 
the  programed  analysis  of  variance  tests  required  arc  equal  N  for  the  Com- 
panys  factor,  data  from  only  the  first  four  crews  in  each  company  would 
have  been  used  in  the  three-factor  analysis.  It  was  decided  that  this 
approach  would  not  process  data  from  enough  crews.  The  analysis  was  changed 
by  dropping  out  the  Companys  factor  and  retaining  the  factors  of  Tables  and 
Targets.  In  this  way,  data  from  all  27  crews  were  included  in  the  two 
analyses  of  variance. 

(b)  Table  9-M-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  effects  were  Targets  (F=3.76,  p< .01) 
and  Tables  X  Targets  (F*2.81,  p<.05).  The  Target  means,  presented  in  Table 
9-M-3,  were  compared  in  a  Tukey's  (HSD)  Test.  The  results  1ndicated_that 
the  Ph  score  on  Target  5  was  significantly  greater  (p<.01)  than  the  Ph  score 
on  Target  2.  Examination  of  the  means  in  the  Tables  X  Targets  interaction 
shows  that  on  Targets  1,  2,  and  3  higher  scoxes  were  achieved  on  Table  VIII 
A  (Day)  while  on  Targets  4  and  5  the  higher  Ph  scores  were  achieved  on  Table 
VIII  B  (Night). 

(c)  Table  9-M-4  presents  the  results  of  the  analysis  of  variance  of 
mean  firing  time.  All  effects  were  highly  significant:  Tables  (F=23.89, 
p<.001).  Targets  (F=29.56,  pc.OOl),  and  Tables  X  Targets  (F=9.83,p^.001) . 
Comparison  of  the  means  for  Tables,  presented  in  Table  9-M-5,  indicated 
that  first  round  mean  firing  time  on  Table  VIII  A  (Day)  was  significantly 
faster  (pc.OOl)  than  on  Table  VIII  B  (Night).  The  means  for  Targets  were 
analyzed  in  Tukey’s  (HSD)  Test.  The  results  indicated  that  the  first  round 
mean  firing  time  on  Target  3  was  significantly  slower  (pc.Ol)  than  on  the 
other  targets.  Examination  of  the  means  of  the  Tables  X  Targets  interaction, 
plotted  in  figure  9-M-2,  reveals  that  there  were  no  firing  time  measures  for 
Target  2,  Table  VIII  A  (Day),  which  tends  to  bias  the  results  of  the  analysis. 
Nevertheless,  comparison  of  the  means  on  the  other  targets  uncovers  some 
interesting  relations.  On  Target  1,  mean  firing  time  was  considerably  faster 
on  Table  VIII  A  (Day)  compared  with  Table  VIII  B  (Night),  whereas  on  Target 

5,  mean  firing  time  was  faster  on  Table  VIII  B  (Night),  than  on  Table  VIII 
A  (Day).  On  Targets  3  and  4,  there  was  no  practical  difference  in  mean 
firing  time  between  Table  VIII  A  (Day)  and  B  (Night). 

(d)  It  is  interesting  to  note  that  the  best  Ph  score  occured  on  Target 
5,  the  moving  target.  Apparently,  target  motion,  by  itself,  did  not  produce 
a  decrease  in  marksmanship  proficiency  under  the  conditions  of  that  engage¬ 
ment.  Also,  accuracy  performance  on  the  two  shorter  range  battlesight 
engagements,  Targets  1  and  5,  were  higher  than  on  the  longer  range  precision 
engagements.  Turning  to  firing  time  measures,  it  was  noticed  that  Target 

3  was  a  TC-precision  engagement.  This  suggests  that  the  longer  firing  time 
could  have  been  due  to  the  tank  conmander  taking  more  time  than  the  gunner 
to  fire  precision  engagements .  Target  1  was  the  only  target  illuminated 
by  Infrared  light  on  Table  VIII  B  and  this  factor  might  have  produced  the 
slower  mean  firing  time. 
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*  Enqaqament  Method 

B  •  Gunner:  Dayliqht  Bettlcslqht 
C  ■  TC,  Gunner:  Rangecard 
I  ■  Gunner:  IR  Battleslqht 
P  ■  Gunner:  Dayliqht  Precision 
R  •  Gunner:  IR  Precision 
S  ■  TC:  Daylight  Battleslqht 
T  •  TC:  Daylight  Precision 
X  -  TC:  IR  50  Cal.  Sight 


Illumination 


A  •  Ambient  Light 
V  -  Artificial  White  Light 
I  ■  Infrared  Light 

***  Multiple  Target  Engagement 


TABLE  9-N-7 
TABLE  VIII  A  and  B 
ANALYSIS  OF  VARIANCE  SUM1ARY 


UNIT 

EMC 

GUNNERY  MEASURE  First  Round  Ph 

SOURCE 

OF 

VARIATION 

d.f. 

MEAN  SQUARE 

F 

P 

B  -  Table 

1 

333.333 

N.S. 

C  -  Targets 

4 

8851.844 

3.76 

*«.01 

BC  -  Tables  X  Targets 

4 

5529.513 

2.81 

■*-.  05 

N(BC)  -  Error 

_ iSSL- 

2356.065 

P  Values  of  F 

N.S.  -  F  value  Is  not  statistically  significant. 

«.05,«.01,  «.005,'*e.001  ■  F  aalue  Is  significant  at  lest  than  the  percent 
value  Indicated. 
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First  Hound  Moon  Values 


UNIT  EMC 

Performance  Measure  P|, 

1. 

Overall  Mean 

-  50.74 

2. 

Table  VIII  A 

(Dey) 

Table  VIII  B  (Night) 

51.85 

49.63 

3. 

Target 

1 

2 

3 

4 

5 

59.3 

37.0 

44.4 

44.4 

68.5 

4. 

TARGET 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

74.1 

44.4 

48.1 

33.3 

59.2 

B  (Night) 

44.4 

29.6 

40.7 

55.6 

77.8 

TABLE  9-M-4 
TABLE  VI J I  A  and  B 


ANAIYSIS  or  VARIANCF  SIWWARY 

UNIT  EMC  GUNNERY  MEASURE  First  Round  Firing  Time 


SOURCE 

OF 

VARIATION 

d.f. 

MEAN  SQUARE 

C 

P 

B  -  Table 

1 

1893.426 

23.89 

<  .001 

C  -  Targets 

4 

2025.734 

29.56 

<  .001 

BC  -  Tables  X  Tareets 

4 

779.211 

9.83 

<  .001 

N  (BC)  -  Error 

260 

79.255 

.... 

P  Values  of  F 

N.S.  ■  F  value  Is  not  statistically  significant. 

<.05,  <  .01,  ^005, <  .001  *  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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TABLE  9-M-5 


First  Round  Mean  Values 


UNIT  CMC 


PLHrtWMANCI  Ml  A  MIRI 


1.  Overall  Mean  ■  12.6 

2.  Table  VII |  A  (Day) 

9.9 


Table  VIII  B  (l|lght) 
15.2 


3. 

Target 

1 

2 

3 

4 

5 

10.1 

8.3 

23.0 

12.9 

8.5 

4. 

TAR6TT 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

5.5 

0 

21.8 

12.7 

9.6 

B  (Night) 

14.8 

16.6 

24.2 

13.4 

7.3 

I  Irlnq 

I I  me 
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(9)  Analysis  of  the  ENG  Battalion. 

* 

(a)  Table  9-N-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  N  Battalion.  The  statistics  in  table  9-N-l  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  51  tank  crews;  17  from  each 
company. 

(b)  Table  9-N-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  effects  were  Targets  (F=8.77,  p  <.005), 
and  Tables  X  Targets  (F=3 . 71 ,  p  <.01 ).  The  Target  means,  presented  in 
table  9-N-3,  were  analyzed  in  a  Tukey's  (HSD)  Test.  The  results  indicated 
that  the  ^h  score  on  Target  3  was  significantly  higher  (p  <.01 )  than  the  Ph 
scores  on  Target  2  and  5,  while  the  Ph  score  on  Target  4  was  significantly 
higher  (p  <. 05)  than  the  Fh  score  on  Target  2.  Examination  of  the  Ph  scores 
for  the  Tables  X  Targets  .interaction,  plotted  in  figure  9-N-l,  indicated 
that  on  Targets  1  and  2,  Ph  scores  on  Table  VIII  B  (Night)  were  higher 

than  Ph  scores  on  Table  VIII  A  (Oay),  whereas  on  Target  5,  the  T*h  score 
attained  on  Table  VIII  A  (Day)  was  much  higher  than  the  Table  VIII  B  (Night) 
score. 

(c)  Table  9-N-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time  scores.  Table  9-N-4  shows  that  all  main 
effects  and  interaction  effects  were  statistically  significant.  The  mean 
scores  for  the  Companys  effect  (F=6.00,  p  <.01 ),  presented  in  table  9-N-5, 
were  analyzed  in  a  Tukey's  .(HSD)  Test.  The  results  indicated  that  the  mean 
firing  time  for  C  Company  was  significantly  faster  ( p  < . 01 )  than  the  mean 
firing  time  for  B  Company.  Comparison  of  the  means  for  the  Tables  effect 
(F=5.56,  p  < . 05) ,  revealed  that  the  mean  firing  time  on  Table  VIII  B  (Night) 
was  significantly  faster  (p<  .05)  than  on  Table  VIII  A  (Day).  The  means  for 
the  Targets  effect  (F=39.42,  p  <.001)  were  analyzed  in  a  Tukey's  (HSD)  Test. 
The  results  indicated  that  the  mean  firing  time  on  Targets  3  and  4  were 
significantly  faster  (p < .01 )  than  the  mean  firing  times  on  Targets  1,  2, 
and  5,  while  the  mean  firing  time  on  Target  2  was  significantly  faster 

(p  <.05)  than  on  Target  5.  Inspection  of  the  means  for  the  Companys  X  Tables 
interaction  (F=3.78,  p  <.05)  revealed  that  A  and  B  Company  had  faster  mean 
firing  times  on  Table  VIII  B  (Night)  compared  with  Table  VIII  A  (Day),  while 
C  Company  had  its  faster  mean  firing  time  on  Table  VIII  A  (Day).  Examination 
of  the  means  for  the  Companys  X  Targets  interaction  (F=7.19,  p  .001)  indi¬ 
cated  that  C  Company's  mean  firing  time  on  Target  5  was  twice  as  fast  as 
those  for  A  and  B  Company.  The  means  for  the  Tables  X  Targets  interaction 
(F=5 .13,  p  <.005),  plotted  in  figure  9-N-2,  indicated  that  there  was  vir¬ 
tually  no  difference  In  mean  firing  between  Table  VIII  A  (Day)  and  B  (Night) 
on  Targets  2  and  3,  but  a  substantial  difference  on  Targets  1  and  5  where 
mean  firing  time  on  Table  VIII  B  (Night)  was  faster  than  on  Table  VIII  A 
(Day).  Inspection  of  the  means  in  the  Companys  X  Tables  X  Targets  inter¬ 
action  (F*3.22,  p  <01 )  revealed  several  differences;  the  two  major  ones 
were  that  Company  A  and  B  had  much  faster  mean  firing  times  on  Target  5, 

Table  VIII  B  (Night),  than  on  Table  VIII  A  (Day). 
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(d)  Comparison  of  the  target  means  in  table  9-N-3  suggests  that  there 
was  a  decrement  in  ?h  performance  on  Target  2,  probably  due  to  the  HEP 
ammo  used  for  that  engagement.  Conversely.  Ph  performance  on  Target  3, 
the  battlesight  engagement,  using  TPDS-T  ammo,  was  relatively  better  even 
though  it  was  a  moving  target. 


TABLE  a-M.i 

GUHNERr  PERFORMANCE  MEASURES 


UNIT  ENG _ ROUND  _ 1_ _ GUNNERY  RANGE _ 2 


TARGET  CHARACTERISTICS 

r~ 

MEASURES 

TABLE 

VIII 

TARGET  RANGE 
SE-  (ME- 
QUENCE  TERS) 

H 

ESI 

— 

SZE?sl 

1 

No7 

Of 

CREWS 

h 

Bob 

NOT 

OF 

MISSES 

G! 

<TM 

3EIC3 

an 

S.D. 

l_rpb 

A 

- 1300- 

_ 1250 _ 

A 

IN 

n 

Ni 

m 

IN 

IN 

mi 

9vTl 

A 

aB 

n 

2 

HEP-T _ Hull 

IN 

IN 

H 

mm 

m 

WR8 

im 

Hfil 

M 

A 

Ld 

■K3 

1 

saspsa 

N 

IN 

m 

m 

m 

_B.69__ 

_3J8 

M 

A 

HHi 

i 

2 

HEAI-T _ Mull _ 

N 

IN 

IN 

mm 

m 

N 

IN 

IN 

A 

■fvfl 

i 

P 

N 

N 

m 

44 

N 

IN 

lfH$ 

M 

L 

mm 

■ 

B 

1300- 

lftnn 

T 

2 

HFAT-T 

1 

N 

N 

mm 

n 

N 

IN 

MR 

Iful 

B 

1300- 

1500 

p 

2 

Hull 

M 

N 

PI 

mm 

n 

N 

IN 

IN 

M 

B 

700- 

1000 

B 

HE£-T 

TPOStT 

Moving 

Panel 

m 

N 

m 

mm 

m 

N 

nn 

M 

B 

750- 

1100 

I 

2  -i 

HFAT-T 

Mill 

m 

N 

N 

mm 

H 

N 

HU 

M 

Hj 

si 

19 

iX 

Hull 

m 

m 

ll 

40 

H 

.06 

6.76 

m 

■ 

N 

tm 

H 

XI 

' 

■ 

■ 

■ 

*  Engagement  Method 


**  Illumination 


B  ■  Gunner:  Dayllqht  Battleslqht 
C  •  TC,  Gunner:  Ranqecard 
I  *  Gunner:  IR  Battleslqht 
P  ■  Gunner:  Dayllqht  Precision 
R  ■  Gunner:  IR  Precision 
S  ■  TC:  Dayllqht  Battleslght 
T  ■  TC:  Dayllqht  Precision  9-95 

X  -  TC:  IR  50  Cal.  Sight 


A  »  Ambient  Light 
W  »  Artificial  White  Light 
I  ■  Infrared  Light 

***  Multiple  Target  Engagement 


TABLE  fcfcg 
TABLE  MW  A  and  R 
ANALYSIS  Of  VARIANCE  SUNNARY 
WIT  EM _ 6UNNERV  HEASURE  Flrtt  tound  Ph 


SOORCE - - 

OF 

VARIATION 

d.f. 

MEAN  SQUARE 

F 

p 

A^_Coa»anvs 

2 

6372.547 

2.80 

N.S. 

8  -  Table 

-  1 

4411.762 

1.34 

N.S. 

-  C  -  Targets 

4 

17284.300 

8.77 

*.005 

N(A)  -  Error 

4B 

2276.936 

X 

AB  •  Coavanys  X  Table 

2 

411.760 

N.S. 

-  AC  -  Companvs  X  Targets 

8 

1813.711 

.... 

N.S. 

&  -  Table  X  Taroets 

4 

7990.172 

3.71 

*.01 

_ NB(A1  -  Error _ 

48 

3286.669 

_  NC(A)  -  Error 

192 

1970.531 

5>< 

ABC  -  Cowtanys  X  Table 

X  Tenant 

8 

2078.373 

N.S. 

NBC(A)  -  Error 

-M _ 

2152.812 

X 

P  Values  of  F 

N.S  *  F  value  Is  not  statistically  significant. 

<  .05,  *.01 ,  *.005,  *.001  *  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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TABLE  9-N-3 
First  Round  Mean  Values 


«. 


i. 


UNIT  ENG  PERFORMANCE  MEASURE  Ph 

1.  Overall  Mean  •  30.6 

2.  Table  VI! I  A  (Day)  Table  VIII  B  (Night) 


35.7 

41.6 

3. 

Coupon)* 

Co  A 

Co  B 

Co  C 

40.6 

43.5 

31.8 

4. 

Target 

1 

2 

3 

4 

5 

33.3 

24.5 

57.8 

45.1 

32.4 

S. 

Company 

A  (Day) 

Table  VII! 

B  (Night) 

A 

36.5 

44.7 

8 

42.4 

44.7 

C 

28.2 

35.3 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

25.5 

11.8 

56.9 

41.2 

43.1 

B  (Night) 

41.2 

37.3 

58.8 

49.0 

21.6 

7. 

Target 

Coupany 

1 

2 

3 

4 

5 

A 

38.2 

23.5 

52.9 

52.9 

35.3 

B 

29.4 

29.4 

70.6 

44.1 

44.1 

C 

32.4 

20.6 

50.0 

38.2 

17.6 

a 

i 


t 
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Probability  (Pj.)  Performance 


TABLE  9-N-4 
TAHLf  VIII  A  and  n 


ANALYSIS  01  VAKIANCL  MJfHARY 

UNIT  ENG _ GUNNERY  MEASURE  First  Round  Firing  Tin 


P  Values  of  F 

N.S  •  F  value  Is  not  statistically  significant. 

<  .05,  <.01,  <.005, <.001  =  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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TABLE  9-N-5 


First  Mound  Naan  Values 

(MIT  ENG  PERFORMANCE  NJASURI  Mi  tmj  I  Imr 

I.  Overall  Naan  -  13.2 


2. 

Table  VIII  A  (Day) 

Table  VIII  B  (Night) 

14.2 

12.2 

3. 

Coapanys 

Co  A 

Co  8 

Co  C 

13.3 

14.8 

11.5 

4. 

Target 

1 

2 

3 

4 

5 

15.6 

14.6 

8.7 

10.5 

16.7 

S. 

Cwpany 

A  (Day) 

Table  VIII 

B  (Night) 

A 

15.6 

11.1 

• 

16.0 

13.6 

C 

11.0 

12.0 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

4  (Day) 

17.0 

14.7 

8.6 

11.0 

19.7 

B  (Night) 

14.2 

14.4 

8.8 

10.0 

13.7 

7 

Target 

Co*any 

1 

2 

3 

4 

S 

A 

15.6 

13.0 

7.4 

11.1 

19.6 

8 

15.8 

16.9 

9.5 

11.5 

20.4 

C 

15.4 

13.8 

9.2 

8.8 

10.1 
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(10)  Analysis  of  the  LOG  battalion. 

• 

(a)  Table  9-0-1  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  0  Battalion.  The  statistics  in  table  9-0-1  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  48  tank  crews,  16  from  each 
Company. 

(b)  Table  9-0-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Pfo  scores.  Significant  effects  were  Targets  (F=20.62,  p  <.001 ), 
and  Companys  X  Targets  (F=2.13,  p<.05).  The  Target  means,  presented  in 
table  9-0-3,  were  analyzed  in  a  Tukey's  (HSD)  Test.  The  results  indicated 
that  the  Fh  score  attained  on  Target  3  was  significantly_higher  (p  <.01 )  than 
the  Fh  scores  attained  on  the  other  targets,.  Also,  the  Ph  score  on  Target  2 
was  significantly  lower  (p  <.05)  than  the  Ph  scores  on  Targets  1  and  5. 
Examination  of  the  means  in  the  Companys  X  Targets  interaction  indicated 
that  B  Company  had  the  highest  ?h  scores  on  Targets  1,  4  and  5;  the  lowest 
score  on  Target  3  and  a  low  score  on  Target  2. 

(c)  Table  9-0-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  Significant  effects  were  Targets  (F=17.99, 
p  <.001),  and  Tables  X  Targets  ( F=1 0. 12,  p  <.005).  Comparison  of  the 
Targets  means,  presented  in  table  9-0-5,  in  a  Tukey's  (HSD)  Test  indicated 
that  the  mean  firing  time  on  Target  3,  a  battlesight  engagement,  was  signifi¬ 
cantly  faster  than  Targets  1,  2,  and  4  at  the  .01  level  of  confidence  and 
faster  than  Target  5  at  the  0.5  level.  Mean  firing  time  for  Target  1  was 
significantly  slower  (p  <.0l)  than  on  Targets  3,  4  and  5,  and  mean  firing 
time  on  Target  5  was  significantly  faster  (p  <.05)  than  on  Target  2. 
Examination  of  the  means  for  the  Tables  X  Targets  interaction,  plotted  in 
figure  9-0-2,  revealed  that  on  Targets  1,  2,  and  3  mean  firing  time  on 
Table  VIII  B  (Night)  was  somewhat  faster  than  on  Table  VIII  A  (Day).  How¬ 
ever,  on  Targets  4  and  5,  Table  VIII  A  (Day)  mean  firing  time  was  faster 
especially  on  Target  5  where  the  day  firing  time  was  more  than  twice  as 

fast  as  the  night  firing  time. 

(d)  The  target  means  in  Table  9-0-3  show  that  Ph  performance  on  Target 
3,  the  battlesight  engagement  of  a  moving  target  using  TPDS-T  ammo,  was 
much  better  than  on  the  other  targets.  It  is  not  apparent  why  performance 
Is  better  under  these  engagement  conditions.  The  poor  performance  on  Target 
2  probably  resulted  because  HEP  was  the  ammo  used.  Study  of  the  mean  firing 
times  revealed  that  mean  firing  time  for  the  TC  engagement.  Target  1,  was 
significantly  slower  than  for  the  other  targets  using  high  velocity  ammo. 

This  suggests  that  the  firing  time  for  tank  commanders  is  slower  Mian  it  is 
for  gunners. 
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TABLE  9-Qr] 

GUNNERY  PERFORMANCE  MEASURES 


UNIT  EOG _ ROUND  J _ GUNNERY  RANGE  2 


TAR6ET  CHARACTERISTICS 

MEASURES 

TABLE 

VIIJ 

TARGET  RANGE 
SE-  (ME- 

OUENCE  TERS) 

* 

M 

* 

No. 

RNOS. 

AMMO 

BBS 

7 

L 

L** 

OF* 

CREWS 

OF 

HITS 

wr 

Of 

MISSES 

h 

<TM 

MEAN 

FIRING 

TIME 

S.D. 

A 

1 

r- - 1300- 

1700 

a 

mSHCzuK 

BB 

48 

16 

32 

B 

.07 

16.13 

5.96 

BT!1 

m 

B 

ibbu* 

1700 

p 

z 

REP-T  .Hull 

A 

48 

8 

40 

m 

.05 

SB 

5.17 

m 

SB 

B 

/bo- 

1000 

B 

2  Moving 

TPDS-T  i  Panel 

A 

48 

40 

8 

m 

9.04 

3.19 

.08 

SB 

B 

750-  * 
1100 

a 

El 

48 

20 

27 

d 

.07 

10.54 

10.83 

SB 

B 

nroo=‘« 

1800 

a 

Hull 

A 

48 

21 

25 

m 

.07 

6.73 

10.45 

1 

m 

■ 

i 

fi 

B 

I4UU- 

1900 

T 

mm 

Hull 

W 

48 

23 

25 

B 

.07 

14.54 

5.21 

wm 

B 

- 6OT=“ 

1600 

n 

mm 

Hull 

a 

48 

■9 

33 

.07 

13.13 

4.85 

pB 

B 

/uu- 

1000 

n 

mm 

I.Tirn 

nmu 

EB 

48 

36 

12 

m 

.06 

7.56 

3.01 

SB 

B 

- 700=“ 

1100 

i 

2 

REAT-T 

Hull 

I 

48 

17 

30 

m 

11.96 

6.83 

B 

B 

iubb- 

1700 

p 

Z 

REAT-T 

Hull 

w 

48 

20 

28 

m 

.07 

14.90 

6.34 

g 

i 

Ml 

m 

a 

■  1 

■ 

BM 

_ 

ZJ 

m 

■1 

*  Engagement  Method 


**  Illumination 


B  •  Gunner:  Dayliqht  Battlesight 
C  *  TC,  Gunner:  Rangecard 
I  ■  Gunner:  IR  Battlesight 
P  •  Gunner:  Dayliqht  Precision 
R  «  Gunner:  IR  Precision 
S  «  TC:  Daylight  Battlesight 
T  •  TC:  Daylight  Precision  9-103 

X  .  TC:  IR  50  Cal.  Sight 


A  ■  Ambient  Light 
W  ■  Artificial  White  Light 
I  »  Infrared  Light 

Multiple  Target  Engagement 


TABLE  9-0-2 
TAI.LF  VIM  A  and  II 
ANALYSIS  CM  V AKI AMU  SUMMARY 
OBIT  EOfi _ GUNNERY  HCASURC  First  Round  Ph 


5C0BJ? - 

OF 

VARIATION 

m 

F 

— 

p 

A  -  Coaroanvs _ 

2 

2.37 

N.S. 

B  Table 

l 

■|  m 

N.S. 

C  -  Targets _ 

4 

41302.060 

20.62 

*001 

45 

2854.119 

XT 

AB  •  Companvs  X  Table 

2 

4645.824 

1.55 

N.S. 

8 

4270.813 

2.13 

*.05 

4 

1.64 

m 

NB(A)  -  Error 

_ 45 _ 

3004.017 

'XT 

wm 

NC(A)  -  Error 

wm 

_2003.376 

>< 

mm 

ABC  -  Coamanys  X  Table 

X  Tarnet 

8 

■nn 

1.86 

M 

NBC (A)  -  Error 

180 

1687.819 

m 

P  Values  of  F 

N.S  *  F  value  Is  not  statistically  significant. 

*  .05,  <.01,  *.005, < .001  *  F  value  is  significant  at  less  than  the  percent 

value  indicated. 
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TABLE  9-0*3 

First  Hound  Nun  Values 


UNIT 

FOG 

1*1  HI  OWtfNt'l 

1. 

Overall  Naan  -  44.8 

2. 

Table  Vlll  A  (Day) 

Table  TIU  B  (Night) 

43.8 

45. B 

3. 

CMfMItyS 

CO  A 

Co  B 

Co  C 

48.9 

50.0 

37.5 

4. 

Target 

1 

2 

3 

4 

5 

40.6 

22. 9 

79.2 

38.5 

42.7 

S. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

40.0 

53.8 

8 

50.0 

50.0 

C 

41.3 

33.8 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

33.3 

16.7 

83.3 

41.7 

43.8 

B  (Night) 

47.9 

29.2 

75.0 

35.4 

41.2 

7. 

Target 

Company 

1 

2 

3 

4 

5 

A 

37.5 

40.6 

81.3 

37.5 

37.5 

B 

53.2 

15.6 

71.9 

50.0 

59.4 

C 

31.3 

12.5 

84.4 

28.1 

31.3 
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Figure  g  q  ^  Mean  First  Round  Hit  Probability  (P^)  Performance  on  Table  VI l I  Main  Gun  Targe 


TABLE  9-0-5 

First  Round  Noon  Values 


(MIT 

COG 

PERFORMANCE 

Firing  Time 

1.  Overall  Mean  *  11.9 

2.  Tabic  VIII  A  (Day) 

Table  VIII  B  (Night) 

11. 

3 

12.4 

3.  Conpanys 

Co  A 

Co  B 

Co  C 

11.7 

12.2 

11.7 

4.  Target 

1 

2  3 

4 

5 

15.3 

13.6  8.3  11.3 

10.8 

5.  Coupany 

A  (Day) 

Table  VIII 

B  (Night) 

A 

12.1 

11.3 

B 

11.3 

13.0 

C 

10.5 

12.9 

6.  Target 


Table  VIII 

1 

2 

3 

4 

5 

A  (Day) 

16.1 

14.0 

9.0 

10.7 

6.7 

8  (Night) 

14.5 

13.1 

7.6 

Target 

12.0 

14.9 

CoMMKy 

1 

2 

3 

4 

5 

A 

14.6 

12.8 

7.1 

12.2 

11.9 

8 

15.5 

15.3 

9.2 

11.5 

9.5 

C 

15.9 

12.6 

8.6 

10.3 

11.0 
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First  Round  Me«n  Firing  T1«*  on  Table  VIII  Rain  Gun  Targets 


(11)  Analysis  of  the  UAA  Battalion. 


(a)  Table  9-A-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  A  Battalion.  The  statistics  In  table  9-A-l  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  51  tank  crews,  17  from  each 
company. 

(b)  Table  9-A-2  presents  the  results  of  the  analysis  of  variance  of 

first  round  Ph  scores.  Significant  main  effects  were  Tables  ( F=2 1.23,  p<.001), 
and  Targets  (F*18.92,  p<.001).  The  significant  interaction  was  Tables  X 
Targets  (F=3.78,  p  <=  .05) .  Comparison  of  the  "Ph  scores  for  the  Tables  main 
effect,  presented  in  Table  9-A-3,  indicates  that  "Ph  scores  were  higher  on 
Table  VIII  B  (Night)  than  on  Table  VIII  A  (Day).  The  Ph  scores  for  the 
Targets  main  effect_were  analyzed  in  a  Tukey's  (HSD)  Test.  The  results 
indicated  that  the  Ph  scores  on  Target  1  and  2  were  significantly  higher, 
p<.01,  than  the  Ph  scores  on  Targets  3  and  4.  Comparisons  of  the  Ph 
scores  for  the  Tables  X  Targets  interaction,  plotted  in  figure  9-A-l, 
reveals  that  accuracy  on  Targets  1  and  3  was  much  less  on  Table  VIII  A 
(Day)  than  on  Table  VIII  B  (Night).  The  Target  3  engagement  on  Table 
VIII  A  (Day)  used  the  training  APDS  ammo  (TPDS-T)  that  has  since  been 
shown  to  have  defective  ballistic  characteristics. 

(c)  Table  9-A-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  firing  time.  Significant  main  effects  were  Companys 
(F=6.52,  p  <.01),  Tables  (F=4.82,  p  <.05),  and  Targets  (F*40.15,  p<.001). 

A  significant  interaction  was  Companys  X  Tables  X  Targets  (F=2.22,  p  <.05). 

The  means  for  the  Companys  main  effect,  presented  in  table  9-A-5,  were 
analyzed  for  differences  in  a  Tukey's  (HSD)  Test.  The  results  indicated 
that  the  mean  firing  times  for  A  and  C  Companys  were  significantly  faster 
(p  <.01  and  p  <.05,  respectively)  than  the  mean  firing  time  of  B  Company. 
Examination  of  the  mean  scores  for  the  Tables  main  effect  revealed  that 
the  mean  firing  time  on  Table  VIII  A  (Day)  was  faster  than  on  Table  VIII 

B  (Night).  An  analysis  of  the  Target  means  by  the  Tukey's  (HSD)  Test 
indicated  that  the  mean  firing  time  on  Targets  1  and  2  were  significantly 
faster  (p  <.01 )  than  on  Targets  3  and  4,  while  the  mean  firing  time  on 
Target  3  was  also  significantly  faster  (p  <.01 )  than  Target  4.  Examina¬ 
tion  of  the  mean  scores  for  the  Companys  X  Tables  X  Targets  interaction 
indicated  that  A  Company's  mean  firing  time  on  Targets  1,  Table  VIII  B 
(Night),  was  much  faster  than  the  means  for  B  and  C  Company. 

(d)  The  results  produced  three  Interesting  findings.  One,  Ph  per¬ 
formance  on  Table  VIII  B  (Night)  was  superior  to  that  on  table  VIII.  A 
(Day).  The  reason  for  this  difference  is  not  discernible  in  the  examina¬ 
tion  of  the  specifications  of  the  target  characteristics  and  requires 
additional  analysis  for  its  cause.  Two,  accuracy  was  high  on  the  engage¬ 
ments  firing  HEAT  ammo  and  lower  on  those  firing  HEP  ammo.  The  APDS-T 
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aiiino  used  on  Target  4,  Table  VIII  A  was  later  found  to  be  defective  and 
was  considered  to  be  the  main  cause  of  the  poor  gunnery  performance  on  that 
engagement.  Three,  mean  firing  time  for  the  battlesight  engagements  were 
faster  than  for  the  precision  engagements. 


NIT  UAA 


TABLE  9-A-l 

GUNNERY  PERFORMANCE  MEASURES 

ROUND  1  GIINNIRY  RANGI 


TARGET  CHARACTERISTICS 


MEASURES 


LJJHB  lijMi  lij. 


OF  OF  OF 
CREWS  HITS  MISSES 


51 

37 

13 

in 

.06 

7.45 

4.39 

51 

10 

41 

m 

1 

.06 

12.71 

4.94 

51 

a 

27 

m 

.07 

14.61 

5.67 

S. 


7.75  2.76 


23 

m 

.07 

12.02 

4.40 

24 

in 

.07 

13.96 

B.73 

*  Engagement  Method 

B  ■  Gunner:  Deyllqht  Battles  iqht 
C  •'  TC,  Gunner:  Renqecard 
t  »  Gunner:  IR  Battleslqht 
P  •  Gunner:  Dayllqht  Precision 
R  ■  Gunner:  IR  Precision 
S  -  TC:  Dayllqht  Battleslght 
T  ■  TC:  Dayllqht  Precision 
X  ■  TC:  IR  SO  Cal.  Slqht 


Illumination 

A  *  Ambient  Light 
W  *  Artificial  White  Light 
I  *  Infrared  Light 


.  ♦ft.  ,  .'j.  n'  ' 


TABLE  9.A -2 


IAM.I  VI I  (A  «>»<l  II 
ANALYSIS  OF  VARIANCE  SUMMARY 
UNIT  UAA _ SUMMERY  MEASURE  1st  Round  Ph 


SOURCE - 

OF 

VARIATION 

d.f. 

MEAN  SOUARE 

F 

p 

A  -  Comanvs 

- 

2 

4926.465 

1.45 

mm 

B  -  Table 

1 

3921S.6HO 

mm 

C  -  Taraets 

3 

35849.660 

mm 

mm 

N(A)  -  Error 

48 

gWPMHH 

mm 

BWHWBHflBHM 

2 

1053.904 

mm 

6 

776.115 

flRHI 

3 

7385.625 

mm 

N8(A)  -  Error 

_ « _ 

11847.377 

NC(A1  -  Error 

wm 

1894.367 

x 

ABC  -  Company*  X  Table 

X  Taroet 

m 

1066.542 

m 

NBC(A)  -  Error 

144 

1953.551 

83 

m 

P  Values  of  F 

N.S  ■  F  value  1$  not  statistically  significant. 

*  .05,  <.01,  *.005, * .001  ■  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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UNIT  IMA 


TABLE  9-A-3 
First  Round  Noon  Values 


PERFOANANCE  MEASURE  Ph 


1.  Overall  Noon  -  57.4 

2.  Toblo  VIII  A  (Day) 

Table  VIII  B  (Night) 

47.5 

67.2 

3.  Conponys  Co.  A 

Co.  B 

Co.  C 

62.5 

50.7 

58.8 

4.  Target 

1 

2 

3 

4 

70.6 

75.5 

36.3 

47.1 

5.  CoNpany 

A  (Day)  Table  VIII  B  (Night) 

A 

55.9 

69.1 

S 

39.7 

61.8 

c 

47.1 

70.6 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

52.9 

72.5 

19.6 

45.1 

B  (Night) 

88.2 

78.4 

52.9 

49.0 

7. 

Target 

Coepany 

1 

2 

3 

4 

A 

76.5 

82.4 

35.3 

55.9 

B 

61.8 

64.7 

35.3 

41.2 

C 

73.5 

79.4 

38.2 

44.1 
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Kjj'  " 


UNIT  UAA 


TABLE  9- A- 5 

First  Round  M**n  Valuos 


PERFORMANCE  MEASURE  firing  TlM 


JL- 

5 


ki 


1. 

Overall  Moon  »  11.3 

2. 

Tab)o  VIII  (Ooy) 

Tabla 

10.7 

3. 

CoNponys 

Co.  A 

Co.  B 

Co 

10.1 

12.8 

11 

4. 

Targot 

1 

2 

3 

9.1 

8.7 

12.3 

5. 

Company 

A  (Day) 

Tabla  VIII 

A 

9.9 

B 

12.1 

C 

10.2 

6. 

Targat 

Tabla  VIII 

1 

2 

3 

A  (Day) 

7.8 

7.7 

12.5 

8  (Night) 

10.4 

9.6 

12.1 

7. 

Targot 

Company 

1 

2 

3 

A 

7.9 

7.5 

12.3 

8 

10.9 

10.7 

12.6 

C 

8.5 

7.8 

12.0 
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VIII  B  (Night) 
11.9 
C 
0 

4 

15.2 

B  (Night) 

10.3 

13.6 

11.8 

4 

14.9 

15.5 

4 

12.8 

17.0 

15.7 


(12)  Analysis  of  the  UFC  Battalion  (A  Brigade  J5  Battalion). 

(a)  Table  9-F-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  F  Battalion.  The  statistics  in  table  9-F-l  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  51  tank  crews,  17  from  each 
company. 

(b)  Table  9-F-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  main  effects  were  Companys 

(F=3.89,  p  <.05),  Tables  (F=45.37,  p  <.001),  and  Targets  (F=29.37,  p<.001). 

A  significant  interaction  effect  was  Tables  X  Targets  (F=16.17,  p  <.001 ). 

The  Companys  Ph  scores,  presented  in  table  9-F-3,  were  analyzed  for  signifi¬ 
cant  differences  with  a  Tukey's  (HSD)  Test.  The  results  indicated  the  Ph 
score  for  A  Company  was  significantly  higher  (p  <.05)  than  the  Ph  value  for 
C  Company.  Examination  of  the  Ph  values  for  the  Tables  indicated  that  the 
Table  VIII  B  (Night)  mean  was  much  higher  than  the  Table  VIII  A  (Day)  mean. 
The  Targets  main  effect  and  Tables  X  Targets  interaction  is  best  described 
by  the  latter.  Examination  of  the  means  for  the  Tables  X  Targets  treatments, 
plotted  in  figure  9-F-l,  reveals  an  incredible  performance  difference  for 
Target  1  on  Table  VIII  A  and  B.  Ph  changes  from  .02  on  the  day  engagement 
to  an  exceedingly  high  .77  on  the  night  engagement.  Ph  values  for  the 
three  other  targets  appear  to  be  within  the  normal  performance  range. 

(c)  Table  9-F-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  There  was  one  significant  effect,  the  Targets 
main  effect  (F=51.34,  p<  .001).  A  Tukey’s  (HSD)  Test  was  used  to  analyze 
differences  between  Target  means,  presented  in  table  9-F-5.  The  results 
indicated  that  the  mean  firing  time  on  Target  3  was  significantly  faster 

(p  <.01 )  than  the  mean  firing  times  on  the  other  three  targets,  and  that 
the  mean  firing  times  on  Targets  1  and  2  were  significantly  faster  than 
the  mean  firing  time  on  Target  4.  Target  3  was  the  battlesight  engagement 
and  Target  4  the  range  card  engagement.  Apparently,  mean  firing  time  was 
affected  mainly  by  engagement  method. 

(d)  It  is  difficult  to  believe  that  a  Ph  score  of  .77  on  Target  1, 

Table  VIII  B,  is  an  accurate  and  reliable  measure  of  performance.  Perhaps 
a  more  plausible  interpretation  might  be  that  it  was  difficult  to  sense 
hits  and  misses  reliably  at  such  a  long  range  and  that  doubtful  sensings 
were  scored  as  hits.  On  the  other  hand,  Ph  performance  on  Target  3,  the 
battlesight  engagement,  was  very  high  on  both  Table  VIII  A  and  B,  indicating 
superior  marksmanship  under  the  conditions  of  that  engagement.  Also,  the 
battalion  tank  crews  performed  better  on  Table  VIII  8  (Night)  than  on  Table 
VIII  A  (Day);  an  unexpected  difference. 
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TABLE  9-F-l 


GUNNERY  PERFORMANCE  MEASURES 

UNIT  _uft _  SOUND  1 _  GUNNERY  RANGE  3 


**  Illumination 

A  *  Ambient  Light 
W  »  Artificial  White  Light 
I  ■  Infrared  Light 
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*  Enqanement  Method 

B  •  Gunner:  Oayliqht  Battles iqht 
C  i  TC,  Gunner:  Ranqecard 
I  ■  Gunner:  IR  Battleslght 
P  ■  Gunner:  Oayliqht  Precision 
R  »  Gunner:  IR  Precision 
S  *  TC:  Daylight  Battleslght 
T  •  TC:  Oayliqht  Precision 
X  «  TC:  IR  50  Cal.  Sight 


i 


TABLE  9-F-2 
TABLE  VIII A  and  B 
ANALYSIS  nr  VARIANCE  SIKtlARY 
UNIT _ UfC _ GUNNERY  MEASURE  Ut  Round  Ph 


sBURCE - 

OF 

VARIATION 

HI 

BMSBHI 

F 

m 

A  -  Company* 

2 

8161.758 

3.89 

<.05 

B  -  Table 

1 

103553.900 

45.37 

RSI 

_ C  -  Targets _ 

3 

47606.210 

29.37 

wm 

48 

2098.641 

X 

mm 

npum 

2 

318.594 

wm 

_ AC  -  Company*  X  Targets _ 

6 

2508.135 

1.55 

mm 

3 

22442.810 

16.17 

NB(A)  -  Error 

48 

2282.325 

>< 

■i 

NCfAl  -  Error 

144 

1620.689 

ABC  -  Comoanys  X  Table 

X  Target 

6 

678.063 

m 

NBC (A)  -  Error 

144 

1387.787 

S3 

■ 

P  Values  of  F 

N.S  *  P  value  Is  not  statistically  significant. 

<  .05,  <01 .  <  005,  <.001  »  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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TABLE  9-F-3 
First  Round  Nun  Values 


t 


UNIT 

UFC 

PlRKORKAhCt  Ph 

1. 

Overall  Mean 

•  SB.) 

2. 

Table  VI II  A  (Oay) 

Table 

VIII  B  (Night) 

42.2 

74.0 

3. 

Coiapanys 

Co  A 

Co  B 

Co 

C 

66.2 

57.4 

50.7 

4. 

Target 

1 

2 

3 

4 

39.2 

40.2 

81.4 

71.6 

S. 

Company 

A  (Oay) 

Table  VIII 

B  (Night) 

A 

SI. 5 

80.9 

B 

39.7 

75.0 

C 

3S.3 

66.2 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

2.0 

33.3 

76.5 

56.9 

B  (Night) 

76.  S 

47.1 

86.3 

86.3 

7. 

Target 

Company 

1 

2 

3 

4 

A 

41.2 

52.9 

82.4 

88.2 

B 

38.2 

44.1 

85.3 

61.8 

C 

38.2 

23.5 

76.5 

64.7 
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T  Aft  IF  9-T.-4 
TABLE  VIII  A  and  II 


ANALYSIS  OF  VARIANCE  SUMMARY 

UNIT _ UFC _ GUNNERY  MEASURE  1st  Round  Firing  Time 


— sooiars - 

OF 

VARIATION 

m 

—  "i 

F 

H 

2 

68.706 

HR 1 

B  -  Table 

1 

3.176 

mm 

C  -  Taroets 

3 

9103.684 

^SL34 

*.001 

1 

48 

302.649 

2 

364.198 

1.87 

N.S. 

6 

95.191 

N.S. 

3 

263.200 

1:75 

48 

194.380 

>< 

■1 

— 

NC(A)  -  Error 

144 

177.307 

fBSt 

ABC  -  Coenanys  X  Table 

t  TirMt 

6 

IPI 

s 

HBC(A)  -  Error 

HI 

P  Values  of  F 

N.S  «  F  value  Is  not  statistically  significant. 

<  .05,  <01,  <.005,  <.001  *  F  value  is  significant  at  less  than  the  percent 
value  Indicated. 


TABLE  9-F-5 
First  Round  Mean  Values 


UNIT 

UFC 

I'lRTORMANri  Firinq 

1. 

Overall  Ft1. 

.in  •  23.0 

2. 

Tabic  VIII 

A  (Day) 

Table  VIII  U  (Night) 

22.9 

23. 

,1 

3. 

Companys 

Co  A 

Co  B 

Co  C 

22.2 

23.6 

23.2 

4. 

Target 

1 

2 

3 

4 

22.4 

21.5 

12.6 

35.5 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

22.3 

22.1 

B 

21. B 

25.4 

C 

24.7 

21.8 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

23.1 

19.7 

11.8 

37.2 

B  (Night) 

21.7 

23.5 

13.4 

33.8 

tound  Mean  Firing  Time  on  Table  VIII  Main  Gun  Targets 


(13)  Analysis  of  the  UIC  Battalion. 


(a)  Table  9-1-1  presents  the  Summary  of  Gunner?  Performance  Measures 
for  the  I  Battalion.  The  statistics  in  table  9-1-1  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  51  tank  crews,  17  from  eac^ 
company. 

(b)  Table  9-1-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  main  effects  were  Companys 

(F=4.14,  p  <.05),  Tables  (F=10.02,  p<.005)  and  Targets  (F=21.65,  p  < . 001 ) . 
The  significant  interaction  effect  was  Tables  X  Targets  (F=3.67,  p<.05). 

The  Company  means,  presented  in  table  S-I-3,_were  compared  in  a  Tukey's 
(HSD)  Test.  The  results  indicated  that  the  Fh  score  for  A  Company,  67.65, 
was  significantly  higher  (p  < .05)  than  B  Company's  Ph  of  52.94.  Comparison 
of  the  Tables  means  revealed  that  Fh  scores  were  significantly  higher  on 
Table  VIII  B  (Night)  than  on  Table  VIII  A  (Day).  The  means  for  Targets 
were  analyzed  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that  Ph  scores 
on  Targets  3  and  4  were  significantly  higher  (p  <.01 )  than  the  Ph  scores  on 
Targets  1  and  2.  The  plots  of  the  treatment  means  for  the  Tables  X  Targets 
interaction  are  presented  in  figure  9-1-1.  Examination  of  the  graph  indi¬ 
cates  that  on  Targets  4  and  1,  Ph  performance  was  higher  on  Table  VIII  B 
(Night)  than  on  Table  VIII  A  (Day),  while  there  was  no  performance  dif¬ 
ference  between  tables  on  Targets  2  and  3. 

(c)  Table  9-1-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  There  was  one  significant  main  effect. 

Targets  (F=53.29,  p<.001).  Significant  interaction  effects  were  Tables  X 
Targets  (F=7.31,  p  <.005),  and  Companys  X  Tables  X  Targets  (F=3.65,p<.005). 
The  Target  means,  presented  in  table  9-1-5,  were  compared  in  a  Tukey's  (HSD) 
Test.  The  results  indicated  that  the  mean  firing  time  on  Target  3,  12.06 
seconds,  was  significantly  faster  (p<.01)  than  on  the  other  three  targets. 
Mean  firing  time  on  Target  2  was  significantly  faster  than  on  Targets  1  and 
4,  p  <.05  and  p<.01,  respectively.  Mean  firing  time  on  Target  4  was 
significantly  slower  (p  < . 01 )  than  on  the  other  three  targets.  Examination 
of  the  means  for  the  Tables  X  Targets  interaction,  presented  in  figure  9-1-2, 
shows  that  on  Target  4  mean  firing  time  was  faster  on  Table  VIII  B  (Night) 
than  on  Table  VIII  A  (Day),  whereas  the  reverse  relation  was  the  case  on  the 
other  three  targets.  Examination  of  the  means  for  the  Companys  X  Tables  X 
Targets  interaction  did  not  detect  any  relations  that  were  noteworthy. 

(d)  This  is  the  third  CONUS  battalion  in  which  Fh  performance  on  Table 
VIII  B  (Night)  was  superior  to  that  on  Table  VIII  A  (Day).  Another  interest¬ 
ing  finding  was  that  Ph  performance  on  the  battlesight  engagement.  Target  3, 
was  very  high  on  both  Table  VIII  A  and  B.  Also,  mean  firing  time  on  the 
precision  engagements.  Targets  1  and  2,  seemed  to  be  rather  slow. 


.I, 
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*  Enqaqewent  Method 

B  -  Gunner:  Dayllqht  Battleslqht 
C  *  TC,  Gunner:  Ranqecard 
I  -  Gunner:  IR  Battleslqht 
P  -  Gunner:  Dayllqht  Precision 
R  •  Gunner:  IR  Precision 
S  •  TC:  Dayllqht  Battleslqht 
T  -  TC:  Oayllaht  Precision 
X  -  TC:  IR  SO  Cal.  Sight 


**  Illumination 

A  «  Ambient  Light 
W  »  Artificial  White  Light 
I  •  Infrared  Light 


TABLE  9-1-2 
TABLE  VI! 1 A  and  B 


ANALYSIS  OF  VARIANCE  SUW1ARY 
UNIT  U1C _ GUNNERY  MEASURE  1st  Round  Pft 


SOURCE 

OF 

VARIATION 

m 

— 

l  . 

■ 

2 

7377.445 

4.14 

A 

© 

B  -  Table 

1 

10.02 

mm 

-  C  -  Targets _ 

3 

43423.190 

21.65 

<.001 

IBWtBHMMi 

48 

2610.282 

X 

AB  -  Companys  X  Table 

2 

1397.045 

N.S. 

6 

4109.445 

2.05 

N.S. 

3 

6691.145 

3.67 

<.05 

NB(A)  -  Error 

48 

1783.066 

XX 

NC(A)  -  Error  _  _ 

144 

2005.672 

>< 

mm 

ABC  -  Compares  X  Table 
.  X  Taraet 

6 

1004.839 

SI 

NBC(A)  -  Error 

144 

1823.834 

P  Values  of  F 

N.S  *  F  value  Is  not  statistically  significant. 

"*  .05,  <.01,  <.005l  <.001  «  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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t 

i 


TABU  9-1-3 
First  Round  Mean  Values 


UNIT  UIC  PERFORMANCE  Ph 

1.  Overall  Mean  *  60.1 


2. 

Table  VIII 

A  (Oay) 

Table  ' 

VIII  B  (Night) 

53.4 

66.7 

3. 

Companys 

Co  A 

Co  B 

Co  C 

67.6 

52.9 

59.6 

4. 

Target 

1 

2 

3 

4 

37.3 

48.0 

79.4 

75.5 

5. 

Company 

A  (Oay) 

Table  VIII 

B  (Night) 

A 

63.2 

72.1 

B 

42.6 

63.2 

C 

54.4 

64.7 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

25.5 

51.0 

76.5 

60.8 

B  (Night) 

49.0 

45.1 

82.4 

90.2 

7. 

Target 

Company 

1 

2 

3 

4 

A 

38.2 

64.7 

94.1 

73.5 

B 

32.4 

32.4 

79.4 

67.6 

C 

41.2 

47.1 

64.7 

85.3 
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1st  Round  Firiny  Time 


TABLE  9-1-5 
1  i fit  Mound  Mean  Values 


UNI!  U1C 

II  HI  ORMAN!  1  1  irinq  lime  j 

1. 

Overall  Mean 

26.2 

2. 

Table  VI 1 1  A 

(Day) 

table  VI 11  B  (Night) 

25.6 

26.8  ' 

3. 

Companys 

Co  A 

Co  B 

Co  C 

25.5 

25.5 

27.6 

4. 

Target 

1 

2 

3  4 

29.4 

22.9 

12.1  40.4 

5. 

Company 

A  (Day) 

Table  VIII  B  (Night) 

A 

24.3 

26.8 

B 

23.6 

27.4 

V 

28.8 

26.3 

6. 

Target 

Table  VIII 

1 

2 

3  4  l 

A  (Day) 

25.8 

20.3 

11.2  45.0 

B  (Night) 

33.0 

25.5 

13.0  35.9 

7. 

Target 

Company 

1 

2 

3  4 

A 

26.9 

23.2 

10.9  41.0 

B 

31.4 

21.2 

13.0  36.5 

C 

29.9 

24.2 

12.3  43.8 
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(14)  Analysis  of  the  UGC  Battalion. 

(a)  Tahir?  9-G-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  The  G  Battalion.  The  statistics  in  table  9-G-l  and  in  the  analyses  of 
variance  were  based  on  data  from  a  total  N  of  SI  tank  crews,  1/  from  each 
company. 

(b)  Tabje  9-G-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  P|,  scores.  Significant  main  effects  were  Tables  {f-12.15,  p  ^.01), 
and  Targets  (F=56.10,  p <  . 001 ) .  Significant  interaction  effects  were  Companys 
X  Targets  (F=6.46,  p<.01)  and  Tables  X  Targets  ( F=7 . 79 ,  p  <  .01 ) .  Comparison 
of  the  mean  scores  for  Tables,  presented  in  table  9-G-3,  show  that  Ph  on 
Table  VIII  B  (Night)  was  significantly  higher  (p<.01)  than  the  Ph  for 

Table  VIII  A  (Day).  The  target  means  were  compared  in  a  Tukey's  (HSD) 

Test.  The  results  indicated  that  Ph  performance  on  Targets  3  and  4  was 
significantly  higher  (p  <.01 )  than  on  Targets  1  and  2.  Examination  of  the 
means  for  the  Companys  X  Targets  interaction  seems  to  show  the  A  Company 
achieved  a  higher  Ph_score  on  Target  2  than  B  and  C  Companys,  while  B 
Company  had  a  lower  Ph  score  on  Target  1  than  A  and  C  Companys.  The  means 
for  the  Tables  X  Targets  Interaction,  plotted  in  figure  9-G-l,  show  that 
the  Ph  score  for  Target  1  on  Table  VIII  B  (Night)  was  much  higher  than  on 
Table  VIII  A  (Day). 

(c)  Table  9-G-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  Significant  effects  were  Targets  (F=106.43, 
p  < .001 ) ,  and  Tables  X  Targets  (F=6.54,  p<.005).  The  target  means,  pre¬ 
sented  in  table  9-G-5,  were  analyzed  in  a  Tukey's  (HSD)  Test.  The  results 
indicated  that  the  mean  firing  time  on  Target  3  was  significantly  faster 
(p  <.01 )  than  on  the  other  three  targets,  while  mean  firing  time  on  Target 
4  was  significantly  slower  (p  < . 01 )  than  on  the  other  three  targets.  The 
means  for  the  Tables  X  Targets  interaction  were  presented  in  figure  9-G-2. 

They  show  that  mean  firing  time  on  Target  2  was  faster  on  Table  VIII  A 
(Day)  than  on  Table  VIII  B  (Night),  whereas  there  were  no  appreciable  dif¬ 
ferences  in  the  Table  VIII  A  and  B  mean  firing  times  on  the  other  targets. 

(d)  The  analysis  produced  three  main  findings.  One,  Ph  performance 
was  better  at  night  on  Table  VIII  B  than  during  the  day  on  Table  VIII  A, 
which_seems  to  be  a  characteristic  of  the  battalions  in  the  C  Division. 

Two,  Ph  performance  on  Target  3,  the  battlesight  engagement,  was  better 
than  on  Target  2,  the  precision  engagement  at  a  moving  target.  The  dif¬ 
ference  might  suggest_that  proficiency  could  be  improved  on  precision 
engagements.  Three,  Ph  performance  on  Target  1  increased  dramatically  on 
Table  VIII  B  well  above  the  hypothetical  maximum  for  the  range  of  2500 
meters.  It  is  difficult  to  accept  these  Ph  measures  at  face  value  without 
further  verification  and  explanation. 
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TABLE  9-C-l 

GUNNf  RY  PERFORMANCE  MtASURES 


UNI  T _ jJGC _  ROUND  _1 _  GUNNERY  RANGE  3 


TARGET  CHARACTERISTICS 

jj  Ml  AMIRI 

s 

MEAN  1 

TARGET 

RANGE 

T 

No. 

r 

NO. 

NO. 

NO. 

TABLE 

SE- 

(HE- 

M 

RNDS. 

L 

OF 

OF 

OF 

F 

FIRING 

rpb 

VIII 

QUENCE 

TERS) 

* 

AMMO 

1TARGET 

L“ 

CREWS 

HITS 

MISSES 

h 

<TM 

TIME 

S.O. 

A 

1 

^  2500 

P 

- 

MEAT-TPT  Hull 

A 

51 

11 

40 

.22 

.06 

21.69 

9.65 

-.27 

A 

4 

1600 

P 

2  Moving 

HEAT-TPT  Panel 

A 

51 

25 

26 

.49 

.07 

18.33 

8.56 

-.03 

A 

6 

1300 

B 

~*T~  i 
HEAT-TPT iHull 

A 

51 

43 

8 

.84 

.05 

9.94 

4.61 

-.48 

A 

8 

870 

C 

I - 

HEP 

Hull 

A 

51 

45 

6 

.88 

.05 

38.14 

16.99 

-.03 

h— 

J 

B 

i 

2500 

P 

~~T~  • 

HEAT-TPTiHull 

W 

51 

34 

17 

.67 

.07 

22.12 

8.06 

-.25 

B 

4 

1600 

P 

7~ 

HEAT-TPT 

Moving 

Panel 

W 

51 

22 

29 

.43 

.07 

23.49 

8.29 

-.04 

r~ 

_6 

1300 

B 

HEAT-TPT 

Hull 

W 

51 

45 

6 

.88 

.05 

12.20 

6.38 

.16 

B 

a 

870 

C 

. r  ■ 

HEP 

Hull 

w 

51 

50 

1 

.98 

.02 

32.14 

11.69 

-.05 

_ 

*  Engagement  Method 


Illumination 


B  *  Gunner:  Daylight  Battles ight 
C  *  TC,  Gunner:  Rangecard 
I  »  Gunner:  IR  Battlesight 
P  *  Gunner:  Daylight  Precision 
R  *  Gunner:  IR  Precision 
S  »  TC:  Daylight  Battlesight 
T  •  TC:  Daylight  Precision 
X  •  TC:  IR  50  Cal.  Sight 


A  *  Ambient  Light 
W  *  Artificial  White  Light 
I  *  Infrared  Light 
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TARII  q-K-? 

IAl.ll  VIII  A  and  II 
ANAL  VMS  01  VARIANCE  Silt  WARY 


IIHIT  UgC 


GUNNERY  MEASURE 


1st  Round  Pk 


P  Values  of  F 

N.S  *  F  value  Is  not  statistically  significant. 

<  .05,  <.01,  <  005,  <.001  *  F  value  is  significant  at  less  than  the  percent 
value  Indicated. 


TABLE  9-G-3 
First  Round  Mean  Values 

UNIT  UGC  PERFORMANCE  Ph 

1.  Overall  Mean  *  67.4 


2. 

Table  VIII 

A  (Oay) 

Table 

VIII  B  (Night) 

60.8 

74.0 

3. 

Companys 

Co  A 

Co  B 

Co 

C 

74.3 

61.8 

66.2 

4. 

Target 

1 

2 

3 

4 

44.1 

46.1 

86. 3 

93.1 

5. 

Company 

A  (Oay) 

Table  VIII 

8  (Night) 

A 

66.2 

82.4 

B 

52.9 

70.6 

C 

63.2 

69.1 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  {Day) 

21.6 

49.0 

84.3 

88.2 

B  (Night) 

66.7 

43.1 

88.2 

98.0 

7. 

Target 

Company 

1 

2 

3 

4 

A 

52.9 

73.5 

76.5 

94.1 

B 

29.4 

38.2 

91.2 

88.2 

C 

50.0 

26.5 

91.2 

97.1 
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1  1  g?'  'V  "• '' 


"Jew?-* 

ilL*  ■  ■  %  1  X. 


TABIC  9-G-5 


First  Round  Mean  Values 


UNIT  UGC 

PERFORMANCE  Firing  Time 

1. 

Overall  Mean 

=  22.3 

2. 

Table  VIII  A  (Oay) 

Table  VIII  B  (Night) 

22.0 

22.6 

3. 

Companys 

Co  A 

Co  B 

Co 

C 

20.8 

23.4 

22.6 

4. 

Target 

1 

2 

3 

4 

21.9 

20.9 

11.1 

35.1 

S. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

21.3 

20.2 

B 

22.9 

23.9 

C 

21.9 

23.3 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Oay) 

21.7 

18.3 

9.9 

38.1 

B  (Night) 

22.1 

23.5 

12.2 

32.1 

7. 

Target 

Company 

1 

2 

3 

4 

A 

19.2 

19.0 

11.5 

33.3 

B 

25.2 

21.1 

9.5 

37.8 

C 

21.3 

22.6 

12.2 

34.3 
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(15)  Analysis  of  the  UJO  Battalion. 

(a)  Table  9-J-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  J  Battalion.  The  statistics  in  table  9-J-l  and  in  the  analyses 
of  variance  were  based  on  data  from  a  total  N  of  51  tank  crews,  17  from 
each  company. 

(b)  Table  9-J-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  values.  A  significant  main  effect  was  Targets  (F=19.77, 
p  < . 00 T ) .  Significant  interaction  effects  were  Companys  X  Tables 
(F=4.05,  p  <.05),  Tables  X  Targets  (F=2.77,  p<.05),  and  Companys  X  Tables 
X  Targets  (F=2.87,  p<.05).  The  target  means,  presented  in  table  9-J-3, 
were  compared  for  differences  in  a  Tukey's  (HSD)  Test.  The  results 
indicated  that  Ph  performance  on  Target  1  was  significantly  less  ( p  < . 01 ) 
than  on  Targets  2,  3,  and  4.  The  means  for  the  Companys  X  Tables  inter¬ 
action  were  examined  and  seem  to  indicate  that.  on  Target  3,  the  moving 
target,  C  Company  achieved  an  extremely  high  Ph  score,  94.12.  The  means 
for  the  Tables  X  Targets  interaction  are  plotted  in  figure  9-J-l.  Targets 

1,  3,  and  4  had  the  same  range  band  1500-2000  meters  and  appear  as  a  column 
of  points  at  the  1750  meter  midpoint.  The  plots  and  means  show  that  on 
Target  4,  Ph  scores  for  Table  VIII  A  l.Day)  were  higher  than  on  Table  VIII  B 
(Night),  but  on  Targets  1  and  2,  the  Ph  scores  on  Table  VIII  A  (Day)  were 
lower  than  the  scores  on  Table  VIII  B  (Night).  Examination  of  the  mean 
scores  for__the  Companys  X  Tables  X  Targets  interaction  revealed  that  C 
Company's  Ph  score  on  Target  1,  Table  VIII  A  (Day),  was  very  low,  11.77. 

(c)  Table  9-J-4  presents  the  results  of  the  analysis  of  variance  of 
mean  firing  time.  Significant  effects  were  Companys  (F=7.21,  p<.01). 

Tables  (F=44.97,  p  <  .  001 ) ,  Targets  (F*12.56,  p<.001),  and  Tables  X  Targets 
(F=7.94,  p<  .005).  The  means  for  Companys,  presented  in  table  9-J-5,  were 
compared  in  a  Tukey's  (HSD)  Test.  The  results  indicated  that  the  overall 
mean  firing  time  for  B  Company,  14.7  seconds,  was  significantly  faster 

(p  <.01)  than  the  overall  mean  firing  time  for  C  Company,  18.6  seconds. 
Comparison  of  the  means  for  Table  VIII  A  and  B  indicated  that  mean  firing 
time  on  Table  VIII  A  (Day)  was  significantly  faster  (p<  .001)  than  on 
Table  VIII  B  (Night).  Comparison  of  the  Target  means  in  a  Tukey's  (HSD) 

Test  indicated  the  following.  One,  the  mean  firing  time  on  Target  3  was 
significantly  faster  than  on  Targets  1  and  4  (p  < . 01  and  p  <.05,  respectively). 
Two,  mean  firing  time  on  Target  1  was  significantly  slower  than  on  Targets 

2,  3  and  4  (p<.OI,  p  <.01,  and  p<  .05,  respectively).  The  means  for  the 

Table  X  Targets  interaction  are  plotted  in  figure  9-J-2.  Examination  of  the 

means  seems  to  indicate  that  on  Targets  1  and  4  firing  time  was  faster  on 

Table  VIII  A  (Day)  than  on  Table  VIII  B  (Night),  whereas  on  Targets  2  and 

3,  there  was  little  change  in  firing  time  from  Table  VIII  A  (Day)  to  Table 
VIII  B  (Night). 


(d)  The  analysis  produced  three  main  findings.  One,  comparing  the  Ph 
results  of  Targets  3  and  4  shows  that  there  was  no  difference  in  performance 
between  moving  and  stationary  targets.  Two,  performance  on  Target  1  was 
much  poorer  for  some  undetermined  reason.  Three,  mean  firing  time  on  the 
moving  target  was  faster  than  on  the  stationary  targets  with  the  same  range. 


1000 


2000 


2000  i  P  i  HEAT-TPT  ary  pa 


38  I  13 


43 


14.73  (4.10  ^.02 


13.02  (3.31  1-.11 


13.25  13.11  .01 


HEAl- IPThry  pan 
HEP-TPT  :  Hull 


HEAT- TP 


2000  I  P  HEAT-TP 


51 

25 

51 

42 

51 

_ 43 _ 

51 

35 

35  15  .70 


50  1.07  i  21.88  17.75  1  .04 


15.98  4.77  .35 


16.69  5.52  .06 


20.63  19.98  I  .09 


*  Engagement  Method 

**  Illumination 

8  *  Gunner:  Dayliqht  Battlesiqht 

A  -  Ambient  Light 

C  -  TC,  Gunner:  Ranqecard 

W  -  Artificial  White  Light 

I  •  Gunner:  IR  Battlesiqht 

I  -  Infrared  Light 

P  *  Gunner:  Dayliqht  Precision 

R  *  Gunner:  IR  Precision 

S  *  TC:  Dayliqht  8attlesiqht 
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T  «  TC:  Dayliqht  Precision 

X  -  TC:  IR  50  Cal.  Sight 

table  Sabi 

TABLE  VI 11 A  and  I) 

ANALYSIS  OF  VARIANCE  SUMMARY 
UNIT  UJD _ GUNNERY  MEASURE  1st  Round  Ph 


Sdt/RfiE - 

OF 

VARIATION 

HI 

MEAN  SOUARE 

F 

P 

A  -  Coananvs 

2 

1642.156 

_ 

N.S. 

B  -  Table 

1 

220.588 

N.S. 

_ C  -  Targets 

3 

37148.690 

19.77 

<  .001 

mHi 

48 

1960.777 

X 

A8  -  Coevanvs  X  Table 

2 

8014.699 

4.05 

<.05 

HBBW 

6 

1119.250 

N.S. 

3 

4142.125 

2.77 

<.05 

NB(A)  -  Error 

_ 4fi _ 

1979.145 

SSI 

NC(A)  -  Error 

mm 

1879.064 

X 

ABC  -  Companys  X  Table 

X  Tarnnt 

6 

2.87 

H 

NBC(A)  -  Error 

144 

1497.007 

l 

1 

i 

P  Values  of  F 

N.S  ■  F  value  Is  not  statistically  significant. 

*  .05,  <.01,  <-005,  <.001  =  F  value  is  significant  it  less  thin  the  percent 

value  indicated. 
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1  ABLE  9-0-3 

first  Kuund  Mean  Values 

UNIT  U00  l“l  HI  I'MMANI  I  Ph 

I  Overall  Nr.111  70. . I 


2. 

Table  Vi  1 1 

A  (Day) 

i  .ili  1  < 

■  VI 1  lli  (NHjlil) 

6^.6 

71.1 

3. 

Companys 

Co  A 

Co  B 

Co 

C 

69.1 

67.6 

74 

.3 

4. 

Target 

1 

2 

3 

4 

42.2 

78.4  84. 

3 

76.5 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

72.1 

66.2 

B 

72.  T 

63.2 

C 

64.7 

83.8 

6. 

Target 

Table  VUl 

1 

2 

3 

4 

A  (Day) 

35.3 

74.5 

84.3 

84.3 

B  (Night) 

49.0 

82.4 

84.3 

68.6 

7. 

Target 

Company 

1 

2 

3 

4 

A 

44.1 

76.5 

85.3 

70.6 

a 

38.2 

79.4 

73.5 

79.4 

c 

44.1 

79.4 

94.1 

79.4 
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Figure  g.j-i  Mean  First  Round  Hit  Probability  (J^)  Performance  on  Table  i/III  Main  Gun  Faryev. 


SOURCE 

OF 

VARIATION 


-  Comoan vs 


TAfur  g-,i-4 

iai.li 

VI 11  A  and  i: 

ANAl  Y‘,  I S 

OF  VARIANCE  SUMMARY 

UJQ 

GUNNERY  MEASURE 

1st  Round  Firin 

MEAN  SQUARE 


513.679 


7.21  <.01 


71.211 


130.075 


2 


184.971 


47.545 


2 


-  Error 


AR  -  Conpanys  X  Table 


Comnanvs  X  Targets 


Table  X  Targets 


-  Error 


ABC  -  Comnanys  X  Table 

K  Tar*ncit 


NBC(A)  -  Error 


P  Values  of  F 

N.S  *  F  value  Is  not  statistically  significant. 

<  .05,  <.01,  <  005,  <.001  *  F  value  is  significant  at  less  than  the  percent 

value  indicated. 


izjy  -<r. 


TABLE  9-J-5 
I  irst  Ivouritf  Mean  Value* 

UNIT  UJD  I’tKI ORMANtt  Firing  Time 

1.  Overall  Mean  -  16.5 


2.  Table  VIII  A  (Day) 

Table 

VIII  B  (Night) 

14.2 

18.8 

3.  Company s 

Co  A 

Co  B 

Co  C 

16.2 

14.7 

18.6 

4.  Target 

1 

2 

3 

4 

18.9 

15.4 

14.9 

16.9 

S.  Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

13.7 

18.8 

B 

13.5 

15.9 

C 

15.4 

21.7 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

15.9 

14.7 

13.0 

13.3 

B  (Night) 

21.9 

16.0 

16.7 

20.6 

7. 

Target 

Company 

1 

2 

3 

4 

A 

18.9 

14.6 

15.0 

16.4 

8 

16.1 

14.6 

12.9 

15.2 

C 

21.6 

16.8 

16.7 

19.2 
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(16)  Analysis  of  the  UKE  Battalion. 


(a)  Table  9-K-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  K  Battalion.  The  statistics  in  table  9-K-l  were  based  on  data 
from  50  tank  crews:  17  in  A  Company,  17  in  B  Company,  and  16  in  C  Company. 

The  statistics  in  the  analyses  of  variance  were  based  on  data  from  48 
tank  crews,  the  first  16  from  each  company. 

(b)  Table  9-K-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Pf>  scores.  Significant  effects  were  Targets  (F=8.96,  p  <.005), 
Companys  X  Tables  (F*3.23,  p<.05),  and  Companys  X  Targets  (F=2.69,  p  <.05). 
The  Target  means,  presented  in  table  9-K-3,  were  compared  in  a  Tukey's  (HSD) 
Test.  The  results  indicated  the  Ph  score  on  Target  4  was  significantly 
higher  than  the  Ph  scores  for  Targets  1  and  2  (p  <.05,  and  p  <.01,  respect¬ 
ively);  the  Ph  score  for  Target  3  was  significantly  higher  (p  <.01 )  than  the 
Ph  score  for  Target  1.  Examination  of  the  means  for  the  Companys  X  Tables 
interaction  revealed  that  the  Ph  value  for  C  Company  on  Table  VIII  A  (Day) 
was  higher  than  its  Ph  on  Table  VIII  B  (Night),  whereas  A  and  B  Companys  had 
higher  Ph  values  on  Table  VIII  B  (Night)  than  on  Table  VIII  A  (Day).  Examina¬ 
tion  of  the  means  for  the^ Companys  X  Targets  interaction  indicated  that  A. 
Company  had  the  highest  Ph  score  on  Target  2;  B  Company  had  the  highest  Ph 
score  on  Targets  1  and  3;  and  C  Company  had  the  highest  Ph  score  on  Target  4. 

(c)  Table  9-K-4  presents  the  results  of  the  analysis  of  variance  of  mean 
firing  time.  Significant  main  effects  were  Companys  (F=3.62,  p  <.05), 

Tables  (F=16.51,  p<. 005),  and  Targets  (F*25.06,  p <  .001 ) .  Significant 
interaction  effects  were  Companys  X  Tables  (F=3.78,  p  <.05),  and  Tables  X 
Targets  (F*5.84,  p  <.005).  The  Companys  means,  presented  in  table  9-K-5, 
were  compared  In  a  Tukey’s  (HSD)  Test.  The  results  Indicated  that  C  Company's 
overall  mean  firing  time,  13.85  seconds,  was  significantly  faster  (p  <.05) 
than  B  Company's  16.72  seconds.  Comparison  of  the  Table  VIII  A  and  B  means 
Indicated  that  the  mean  firing  time  on  Table  VIII  A  (Day)  was  significantly 
faster  (p<.005)  than  on  Table  VIII  B  (Night).  The  means  for  Targets  were 
analyzed  In  a  Tukey's  (HSD)  Test.  The  results  Indicated  that  the  mean  firing 
time  on  Target  3  was  significantly  faster  (p  <.01 )  than  on  the  other  three 
targets,  and  the  mean  firing  time  on  Target  4  was  significantly  faster  than 

on  Targets  1  and  2  (p<.01  and  p  <.05,  respectively).  Examination  of  the 
means  of  the  Tables  X  Targets  interaction,  plotted  in  figure  9-K-2,  show 
that  on  Target  1  there  was  a  large  increase  in  mean  firing  time  on  Table 
VIII  B  (Night)  compared  with  Table  VIII  A  (Day).  There  was  no  comparable 
difference  in  Magnitude  on  the  other  three  targets. 

(d)  The  main  finding  in  this  analysis  was  that  performance  was  very 
good  on  the  moving  target  engagement.  Target  4.  Both  Ph  score  and  mean 
firing  time  were  better  on  Target  4  than  on  Targets  1  and  2.  Also,  Ph  per¬ 
formance  and  mean  firing  time  on  Target  3,  the  battlesight  engagement- 
panel  target,  was  better  than  on  Targets  1  and  2  where  tank  hulls  were 
used  as  targets. 
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I'jui; !  i  u,  I  I- 

f . . 


Gunner:  Daylight  Battlesiqht 
TC,  Gunner:  Ranqecard 
Gunner:  IR  Battlesiqht 
Gunner:  Oavliqht  Precision 
Gunner:  IR  Precision 
TC:  Daylight  Battlesiqht 
TC:  Dayliaht  Precision 
TC:  IR  50  Cal.  Sight 


A  *  Ambient  Light 
W  «  Artificial  White  light 
I  *  Infrared  Light 


TABLE  9-K-2 
I  AMU  VIII  A  and  I! 


ANAl VMS  Of  VARIAMI  SUMMARY 
UNIT  UKE _ GUNNERY  MEASURE  1st  Wound 


P  Values  of  F 

N.S  «  F  value  Is  not  statistically  significant. 

<  .05,  <.01,  <.005,  <.001  *  F  value  Is  significant  at  less  than  the  percent 
value  Indicated. 
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UNI r  UKE 


I  ADI  L  9-K-3 

first  Hound  Moan  V.iIiil". 


PI  HI  ORKANO.  Ph 


1. 

Overall  Mean 

-  76.0 

2. 

Table  Vlll  A  (Day) 

Table  Vlll  B  (Night) 

76.6 

75.5 

3. 

Company s 

Co  A 

Co  B 

Co  C 

74.2 

79.7 

74.2 

4. 

Target 

1 

2 

3 

4 

70.8 

61.5 

84.4 

87.5 

5. 

Company 

A  (Day) 

Table  VIII 

B  (Night) 

A 

70.3 

78.1 

B 

76.6 

82.8 

C 

82.8 

65.6 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

75.0 

56.3 

89.6 

85.4 

B  (Night) 

66.7 

66.7 

79.2 

89.6 

7. 

Target 

Company 

1 

2 

3 

4 

A 

59.4 

78.1 

75.0 

84.4 

B 

81.3 

56.3 

93.8 

87.5 

C 

71.9 

50.0 

84.4 

90.6 
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t  Probability  'Ph)  Performance  on  Table  '.'III  Main  Gun  Tarnets 


TABLE  9-K-S 


r 


First  Round  Mean  Values 

UNIT  UK£  PERFORMANCE  Firing  Time 


1.  Overall  Mean  *  15.0 


2. 

Table  VIII 

A  (Day) 

Table 

VIII  8  (Night) 

13.1 

16.9 

3. 

Companys 

Co  A 

Co  B 

Co 

C 

14.5 

16.7 

13. 

9 

4. 

Target 

1 

2 

3 

4 

19.0 

17.0 

10.1 

14.1 

5. 

Company 

A  (Day) 

Table  VIII 

8  (Night) 

A 

11.1 

18.0 

B 

16.4 

17.0 

C 

11.9 

15.8 

6. 

Target 

Table  VIII 

1 

2 

3 

4 

A  (Day) 

13.9 

16.2 

8.8 

13.7 

B  (Night) 

24.1 

17.7 

11.4 

14.5 

7. 

Target 

Company 

1 

2 

3 

4 

A 

16.3 

16,7 

10.2 

14.9 

B 

22.2 

18.8 

11.4 

14.4 

C 

18.5 

15.3 

8.6 

13.0 
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(17)  Analysis  of  the  UPA  Battalion. 

(a)  Table  9-P-l  presents  the  Summary  of  Gunnery  Performance  Measures 
for  the  P  Battalion.  The  statistics  are  based  on  data  from  a  total  N  of  48 
tank  crews:  16  in  A  Company,  15  in  B  Company,  and  17  in  C  Company.  Data 
from  the  first  15  crews  in  each  company,  a  total  N  of  45  crews  were  used 

in  the  two  analysis  of  variance.  The  Tables  factor  had  to  be  eliminated 
from  the  analytical  design  because  there  were  an  unequal  number  of  engage¬ 
ments;  6  on  Table  VIII  A  (Day),  and  4  on  Table  VIII  B  (Night).  Furthermore, 
none  of  the  engagement  conditions  were  comparable  across  Table  VIII  A  (Day) 
and  B  (Night)  so  it  was  more  appropriate  to  treat  each  target  as  being  a 
different  treatment  condition.  The  change  resulted  in  a  3  x  10  factorial 
design  with  3  companys  and  10  targets. 

(b)  Table  9-P-2  presents  the  results  of  the  analysis  of  variance  of 
first  round  Ph  scores.  Significant  effects  were  Companys  (F=5.63,  p<.01), 
and  Targets  (F=4.15,  p  <.005).  The  Companys  means,  presented  in  Table 
9-P-3,  were  compared  in  a  Tukey's  (HSD)  Test.  The  results  revealed  that 
the  first  round  Ph  scores  for  A  and  B  Companys  were  significantly  higher 

(p  <.05  and  p  <.01,  respectively)  than  C  Company's.  The  target  means, 
plotted  In  figure  9-P-l,  were  also  compared  in  a  Tukey's  (HSD)  Test. 

The  meaningful  comparisons  were  limited  to  targets  within  Table  VIII  A 
(Day)  and  B  (Night)  and  not  between  tables.  On  the  Table  VIII  A  (Day) 
targets,  the  first  round  Ph  scores  on  Targets  4,  5,  and  6,  which  comprised 
a  multiple  engagement  target,  were  significantly  higher  (p  <.01)  than  the 
Ph  scores  on_Targets  1,  2,  and  3.  On  the  Table  VIII  B  (Night)  targets,  the 
first  rouQd  Ph  scores  on  Targets  7  and  8  were  significantly  higher  (p  <.05) 
than  the  Ph  score  on  Target  9. 

(c)  Table  9-P-4  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  time.  There  was  one  significant  effect  which  was 
Targets  (F=18.04,  p  <.001 ).  The  Target  means,  presented  in  table  9-P-5 
and  plotted  in  fiqure  9-P-2,  were  compared  in  a  Tukey's  (HSD)  Test.  On 
Table  VIII  A  (Day),  mean  firing  time  on  Targets  4,  5,  and  6,  the  multiple 
engagement  targets,  was  significantly  faster  (p  <.01 )  than  on  Targets  2 
and  3.  On  Table  VIII  B  (Might),  mean  firing  time  on  Target  7  was  signifi¬ 
cantly  faster  (p<.01)  than  on  Targets  9  and  10. 

(d)  Three  interesting  findings  emerged  from  the  analysis.  One,  there 
was  a  difference  between  Companys  on  T*h  performance.  C  Company  did  not 
perform  at  well  as  A  and  B  Companys.  Two,  performahce  on  the  multiple- 
target  engagement  was  superior  both  in  Ph  scores  and  mean  firing  jjines  to 
the  individual  target  engagements  on  Table  VIII  A  (Day).  Three,  Ph  per¬ 
formance  on  the  battlesight  engagement_on  Table  VIII  B  (Night)  Target  9, 
was  relatively  poor  compared  with  the  Ph  performance  on  the  two  precision 
engagements  using  HEAT  ammo.  Targets  7  and  8. 
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TABLE  9-P-2 
TABLE  VIII  A  end  B 
ANALYSIS  OF  VARIANCE  SUWtARY 


UNIT  UPA  GUNNERY  MEASURE  First  Round  Ph 


TBuKCt - 

OF 

VARIATION 

d.f. 

MEAN  SOUARE 

F 

P 

A  -  Coaoanys 

2 

14155.550 

5.63 

<  .01 

C  -  Tarqets 

9 

8977.762 

4.15 

<  .005 

N(A)  -  Error 

42 

2514.259 

AC  -  Companys  X  Tarqets 

18 

2451.813 

1.13 

N.S. 

NC(A)  -  Error 

378 

2161.454 

P  Values  of  F 

N.S.  «  F  value  Is  not  statistically  significant. 

*  .05,  <  .01,  *  .005,  <  .001  *  F  value  Is  significant  at  less  that  the  percent 
value  Indicated. 
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TABLE  9-P-« 


TABLE  ViliA  ana  B 
analysis  of  variance  summary 

UNIT  MPA  GUNNERY  MEASURE  First  Round  Firing  Time 


P  Values  of  F 

N.S.  *  F  value  Is  not  statistically  significant. 

<■05,  <.01,  <.006,  <.001  *  F  value  is  significant  at  less  than  the  percent 
vlaue  Indicated. 


•  - 


d.  Evaluation  of  the  General  Influence  of  Factors  in  the  Analyses  of 
Variance. 

(1)  The  analyses  of  the  individual  battalions  provide  appraisals  of  how 
the  three  independent  factors  (Companys,  Tables,  and  Targets)  influenced 
first  round  mean  Ph  scores  and  firing  time  within  each  battalion.  However, 
each  battalion  analysis  is  independent  of  the  others  and  they  are  not 
Integrated  In  any  way  such  that  taken  together  they  contribute  toward  an 
overall  appreciation  of  how  the  factors  affected  performance  across  all 
battalions.  In  order  to  describe  how  the  factors  influenced  performance 
generally,  it  is  necessary  to  make  a  comparison  of  the  effects  of  the 
factors  across  all  the  battalions.  This  comparison  is  presented  in  table 
9-16. 

(2)  Table  9-16  contains  tabulations  of  all  the  significant  effects  of 
the  factors  and  their  interactions  for  every  battalion.  An  X  in  a  cell 
indicates  a  significant  effect  at  the  .05  level  of  confidence  or  less. 

An  empty  cell  indicated  the  effect  was  not  statistically  significant. 

Observing  the  number  of  significant  effects  for  each  factor  by  scanning 
across  each  row  provides  an  understanding  of  how  frequently  that  factor 
was  a  significant  effect  in  all  the  battalions.  The  last  column  (F) 
presents  the  frequency  number  of  significant  effects  for  each  factor. 

(3)  Examination  of  the  frequencies  indicates  tha$  the  factor  of  Targets 
was  a  significant  effect  in  18  out  of  15  analyses  of  Ph  scores  and  in  all 

15  analyses  of  mean  firing  time.  Obviously,  differences  in  target  charac¬ 
teristics  were  the  factors  that  consistently  influenced  performance  in  all 
battalions.  The  second  most  frequent  effect  for  both  performance  measures 
was  the_Tables  X  Targets  Interaction.  It  was  significant  in  8  of  15  analy¬ 
ses  of  Ph  scores  and  in  9  of  15  analysis  of  mean  firing  time.  The  Tables  X 
Targets  Interaction  Is  closely  related  to  the  targets  factors  in  that 
day/night  effects  can  be  considered  in  the  same  class  as  other  target 
characteristics.  The  third  most  frequent  effect  for  both  performance 
measures  was  Tables.  It  was  significant  in  4 out  of  15  analyses  of  Ph 
scores  and  in  8  out  of  15  analyses  of  mean  firing  time.  The  Tables  factor 
can  also  be  viewed  in  the  same  class  as  the  previous  factors;  fundamentally 
as  a  target  characteristic.  Interestingly,  the  significant  tables  effects 
for  the  Ph  measure  were  not  distributed  equally  among  the  USAREUR  and  CONUS 
battalions.  Four  of  the  5  significant  effects  occurred  in  the  CONUS  bat¬ 
talions.  Furthermore,  all  4  Ph  scores  on  Table  VIII  B  (Night)  were  signifi¬ 
cantly  higher  than  on  Table  VIII  A  (Day),  while  the  reverse  was  true  for  the 
one  significant  effect  in  the  USAREUR  battalions.  Overall,  the  sum  of 
significant  effects  due  to  target  characteristics:  Targets,  Targets  X  fables, 
and  Tables,  accounted  for  25  of  the  37  effects  for  the  I’h  measures,  07  percent, 
and  32  of  the  46  effects  for  the  firing  time  measures,  70  percent.  Thus 
approximately  two-thirds  of  the  significant  effects  in  the  analyses  were  due 
to  the  Influence  of  target  characteristics  of  one  kind  or  another. 


'ect  ms  not  significant. 


(4)  The  remaining  one-third  of  the  significant  effects  were  divided 
equally  among  the  other  main  effect  and  interaction*effects.  These  effects 
involved  the  Companys  factor.  Examination  of  the  frequencies  of  significant 
effects  for  these  factors  shows  that  none  were  greater  than  5  or  one-third 
of  the  total  number  of  battalions  involved.  On  the  Companys  factor,  there 
were  3  significant  effects  from  analyses  of  the  Ph  scores  and  5  significant 
effects  from  analyses  of  the  mean  firing  time  scores.  The  former  all  came 
from  CONUS  battalions.  There  were  no  significant  effects  due  to  Company 
difference  in  Ph  scores  from  the  USAREUR  battalions.  These  results  may  pro¬ 
vide  some  evidence  to  indicate  that  main-gun  marksmanship  may  be  more  con¬ 
sistent  among  the  Companys  In  USAREUR  battalions  than  it  is  in  CONUS  bat¬ 
talions.  The  Companys  X  Targets  factor  produced  5  significant  effects  from 
the  analyses  of  Ph  scores  and  2  significant  effects  from  analyses  of  mean 
firing  time  scores.  These  results  may  suggest  perhaps  that  the  differences 
occurred  due  to  specific  differences  in  gunnery  training  within  the  Companys 
of  certain  battalions.  In  the  other  two  Interactions,  Companys  X  Tables  and 
Companys  X  Tables  X  Targets,  the  frequencies  of  significant  effects  were 
relatively  small  and  it  does  not  appear  that  the  effects  were  consistent 
enough  to  warrant  drawing  generalizations  from  them. 

e.  Findings  and  Conclusions.  The  results  from  the  analyses  of  individ¬ 
ual  battalions  indicate  that  target  characteristics  are  the  primary  factors 
affecting  first  round  accuracy  and  firing  time.  In  the  analyses  of  variance, 
the  effects  of  Targets,  Tables,  and  Targets  X  Tables  accounted  for  about 
two-thirds  of  the  statistically  significant  effects.  From  these  findings, 
the  following  conclusions  are  drawn. 

(1)  The  main  factors  influencing  first  round  accuracy  and  firing  time 
are  target  characteristics  including  day/night  conditions,  range,  ammunition, 
engagement  method,  target  motion,  and  target  type. 

(2)  In  four  CONUS  battalions  main-gun  accuracy  was  significantly  better 
on  Table  VIII  B  (Night)  than  on  Table  VIII  A  (Day).  This  difference  did  not 
occur  with  any  USAREUR  battalions. 

(3)  There  was  little  difference  in  main-gun  accuracy  performance  between 
the  companys  within  the  battalions.  There  were  no  significant  differences 
between  any  of  the  companys  in  the  USAREUR  battalions  and  only  three  such 
differences  in  the  CONUS  battalions.  However,  significant  differences  between 
companys  in  mean  firing  time  performance  did  occur  in  five  of  the  battalions. 

(4)  In  five  battalions,  one-third  of  the  sample,  thfere  was  a  significant 
Companys  X  Targets  interaction  Indicating  that  some  companys  did  better  or 
worse  than  the  others  on  certain  targets.  These  results  suggest  that  perhaps 
there  are  differences  In  training  programs  at  the  company  level  which  are 
reflected  In  differences  in  qunnery  performance  on  different  types  of  target 
engagements. 


One  Hal  till  ion's  Cost*  Study  o(  li rlny .  I  xpe»  i enf  »- . 

a.  njLa  were  collected  on  the  firing  proficiency  of  one  CONUS  battalion 
(UAA)  over  a  peiiod  of  one  year,  The  firing  data  includes: 

(1)  lable  VI i 1  fired  at  the  completion  of  a  formal  gunnery  training 
program  in  February'  and  March  1975. 

(2)  Main  gun  firings  collected  during  October  1975  as  a  part  of  the 
Tank  Degradation  Test  (FH325). 

(3)  Table  VIII  fired  without  preliminary  training  in  late  January 
1976. 

(4)  Table  VIII  fired  at  the  completion  of  a  formal  gunnery  training 
proyram  in  early  March  1976. 

b.  The  battalion  experienced  a  good  deal  of  turbulence  throughout  the 
period;  however,  its  experience  is  similar  to  that  of  the  other 
COIIUS  battalions.  Of  the  crews  that  fired  in  February  and  March  of 
1975,  none  retained  all  four  members  in  the  same  positions  to  fire 
in  October.  Of  those  firing  in  October,  none  remained  precisely  the 
same  for  the  January  firing.  And  of  those  firing  in  January,  only 
seven  remained  intact  for  the  final  firing  six  weeks  later,  f'ar- 
untiietically,  an  examination  of  the  performance  of  those  seven  crev.-s 
revealed  that  their  increase  in  performance  was  approximately  equal 
to  that  of  the  remainder  of  the  battalion  crews  that  experienced 
turbulence . 

c.  The  ranges  used  during  the  documented  firings  differed.  The  March 
1975  Table  VIII,  Tank  Degradation  and  Off-Season  Table  VIII  were 
conducted  on  Crlttenbe^ger  Range;  the  March  1976  Table  VIII  was  con¬ 
ducted  on  Tank  Table  VIII  North  (range  descriptions  are  in  Chapter 
8).  In  similar  fashion,  the  scoring  was  performed  by  different  sets 
of  Al/Safety  Officer  teans.  All  Table  VIII  firings  were  scored  by 
Division  Gunnery  Assistance  Teans  while  Tank  Degradation  was  scored 
by  MASSTtR  evaluators.  All  scoring  suffered  the- hi nde ranee  of  dust 
and  smoke  obscuration.  In  all  cases  of  unresolved  hit  detenu* nation 
the  crew  was  given  tne  benefit  of  the  doubt.  Table  9-17  displays  the 
percentage  ol  hits  obtained  during  the  various  firings.  The  lank 
Degradation  and  Off-Season  fable  VI U  scores  am  combined  since  both 
wore  fired  without  the  l-onefit  of  formal  gunnery  program  and  Hie 
percentage  of  hits  obtained  were  similar  between  the  two.  As  can  be 
seen,  the  percentages  for  the  two  Table  VIII ' s  fired  at  the  end  of 
formal  gunnery  training  am  similar  while  those  fired  without  gunnery 


:f&g, 

■- 


».V  'W*5 


9-171 


•i. lining  .'it  Iowit.  I  (hi  i  ■  i  r.  mu'  <  -.vcopt  mi',  '  "lid  i  ciiik!  i  i  i  •  ‘i  •  *  . 
in  which  the  Of  f-Soasun  pm  contaao  of  hits  ir-  higher  Mian  Mio  Marrl’ 
liiinu.  liiis  is  due  primarily  to  the  rolntivolv  pool  pot  f(in»<i'ia>  of 
1 1  to  |u  ll.d  t  ion  wIh.ii  jirino  l.hi-  second  round  at  night  with  llfl'-l  -vimum  '  - 
lion.  hronkoiil  of  aiim’i.ini  *  inn  types  in  lahles  91/  llirm  i  ■  Mi  9-2m). 

An  exam  i  nation  of  the  firing  time?  shows  a  mat  ked  difference  between 
t.  fie  filings.  The  Off-Season  Tallin  V 1 1 1  times  are  considerably  higher 
titan  the  remainder,  for  example,  the  overall  mean  first  round  firing 
time  for  all  day  targets  in  Januaiy  v/as  19.5  seconds.  Six  weeks  later... 
it  was  M. 0.  At  nigfit,  the  overall  means  were  20.4  a>.d  12. f  respective¬ 
ly.  The  means  fired  for  each  of  the  ranoes  is  shown  ir.  table  °-?l  . 

Another  meaningful  comparison  is  shown  in  Table  9-22.  A  study  c.f 
the  table  reveals  that  the  formal  gunnery  training  program  improved 
performance  in  terms  of  hits  and  firing  tine5,  when  compar i smis  of 
(ike  conditions  of  ammunition,  range,  target  type  and  firing  rode 
at o  made. 

f indinns  and  Conclusions . 

A  significant  increase  in  hit.  percentages  and  decrease  in  taring 
times  on  Table  VHI  will  occur  if  preceded  by  a  formal  gunnery 
program. 


Degradation  I  Degradation  I  table  V 1 1 1  l.ible  VIII 

(open)  I  (closed)  I  Off-Season  Annual 
October  1975  I  October  1975  I  January  1976  March  1976 


770-^10 
820 
828 
1024 
1000 
1100 
I  200 
1250 
1300 
1435 
1150 
1495 
1500 
1600 
1610 
1700 
1720 

1807 

1894 


20.2  i  7 .3  I  13.3 


12.21  11.0 


15.11  15.2 


.71  10.6 


6.0  14.1  12.6  I  12.5 

3.0  11.6  9.6  |  9.3  17.8  16.0 


9.3  I  16.4  I  13.6  1  12.1  I  15.3 


16.6  I  20.7 


4.3  I  10.8  1  18.8  I  7 .7  I  23.0  I  24.9 


14.5  12. 

16.2 

8.1  9.0  11.3  13.8  21.5  19.9  )2.5 


1.6111.2  I  16.3|10.4  I  19.0 


I  AM  I  '  22 

COMPARISON  OF  PERFORMANCE,  JAMiARY  76  (OFF-SEASOM)  /VJH  MARCH  76  FABl  F  VII I. 


Range 

l'ype 

1st  Rd 

1st  Rd 

(Meters) 

Target 

Mode 

Open i no  Time  %  Hits 

N  i a roots 

770-81 Q 

S 

8 

7.3 

86 

119 

D 

(1024) 

M 

B 

(17.8) 

(75) 

32 

‘1  A 

(1230) 

S 

P 

(16.6) 

(68) 

31 

E  y 

1610 

M 

P 

12.1 

37 

32 

A 

T  u 

(1894) 

s 

P 

(19.0) 

(27) 

30 

1  N 

800-810 

S 

B 

13.3 

87 

37 

P  1 

(800) 

S 

B 

(20.8) 

(45) 

29 

r  n 

(1024) 

M 

0 

(16.0) 

(62) 

29 

H 

(1200) 

S 

P 

(20.7) 

(59) 

29 

1 

1250 

M 

P 

12.4 

72 

19 

(1300) 

S 

P 

(23.0) 

(23) 

31 

D 

1435 

S 

0 

11.9 

50 

P, 

A 

1500 

s 

P 

14.5 

21 

14 

Y 

1600 

s 

P 

16.2 

38 

13 

II 

E 

(1610) 

s 

P 

(21.5) 

(10) 

31 

P 

I  H 

(1300) 

s 

P 

(24.9) 

(52) 

27 

T  I 

1450 

s 

P 

12.5 

69 

13 

0 

II 

T 

1500 

s 

P 

13.5 

62 

26 

(1610) 

s 

P 

(19.9) 

(57) 

28 

Mote: 

5 -Stationary 

M:Moving 

P -Precision  8- 

-llattlesight 

(  ) -January  Off-Season 
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9-  r» .  Between  -JJaJt  la  I  ion  Analyses  of  Selected  Battalions. 

«i.  Thi s  section  presents  analyses  which  compare -different  battalions 
witli  each  other  to  ascertain  if  there  are  differences  in  gunnery  performance 
at  the  battalion  level.  The  previous  analyses  of  individual  battalions 
revealed  that  at  the  company  level  gunnery  performance  was  usually  similar 
for  all  the  companies  within  the  battalions.  Attention  is  now  focused  on 
investigating  how  gunnery  performance  varies  between  battalions. 

b.  Battalion  Selection. 

(1)  In  order  to  make  meaningful  comparisons  between  battalions,  it 
was  necessary  to  reduce  the  confounding  influence  of  uncontrolled  variables 
as  much  as  possible.  This  was  accomplished  mainly  by  requiring  that  the 
battalions  included  in  all  comparisons  must  have  taken  the  same  tank  crew 
qualification  test  and  were  tested  on  the  same  Table  VIII  gunnery  range. 

Tank  crew  qualification  tests  are  not  standardized  due  to  training  prefer¬ 
ences  at  division  level  and  differences  in  range  facilities,  and  can  vary 
to  a  considerable  degree  even  among  battalions  In  the  same  division.  Thus 
the  prerequisites  eliminated  the  possibility  of  any  comparison  of  battalions 
from  different  divisions.  All  comparisons  would  be  restricted  to  battalions 
within  the  same  division. 

(2)  The  selection  of  battalions  to  be  included  in  a  comparison  were 
made  by  comparing  the  specifications  of  target  characteristics  on  main 
gun  targets  listed  on  the  summary  tables  of  gunnery  performance  measures 
presented  in  Section  9-4,  Individual  Analyses  of  the  Sample  Tank  Battalions. 
The  examination  uncovered  three  sets  of  battalions  with  similar  main-gun 
target  characteristics  on  Table  VIII.  Each  set  of  battalions  came  from  a 
different  division:  two  USAREUR  divisions,  the  B  and  G  divisions;  and  one 
CONUS  division,  the  C  division.  The  battalions  comprising  each  set  are 
listed  below: 

B  Division  Battalions 
EBB 
ECB 
EDB 
EEB 

G  Division  Battalions 
LUG 
EOG 

C  Division  Battalions 
UFC 
UIC 
UGC 
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The  gunnery  measures  from  each  set  of  battalions  were  analyzed  separately 
to  discover  any  differences  in  performance  between  them. 

c.  Between-Battalion  Analyses 

(1)  Analysis  of  the  B  Division  Battalions. 

(a)  Gunnery  data  were  collected  from  a  total  N  of  140  tank  crews: 

34  from  the  EBB  Battalion,  32  from  the  ECB  Batt  ion,  39  from  the  EDB 
Battalion,  and  35  from  the  EEB  Battalion.  The  statistics  produced  from 
the  following  analyses  of  variance  were  based  on  data  from  a  total  N  of 
120  tank  crews,  the  first  30  from  each  battalion. 

(b)  Table  9-23  presents  the  results  of  the  analysis  of  variance  of 
first  round  Fu  scores.  Significant  main  effects  were  Battalions  (F=4.89, 
p  .01),  and  Targets  (F=64.21,  p<.001).  A  significant  Interaction  effect 
was  Battalions  X  Targets  (Fa4.48,  p  <.005).  The  battalion  means,  presented 
in  Table  9-24,  were  compared  for  differences  in  a  Tukey's  (HSD)  Test. 

The  results  indicated  that  the  Fu  score  of  the  EDB  Battalion  was  significantly 
higher  (<.01)  than  that  of  the  EBB  and  EEB  battalions.  Comparison 
of  the  target  means  in  a  Tukey's  (HSD)  Test  indicated  that  Ph  scores  on 
Target  1,2,  and  5  were  significantly  higher  (p<  .01)  than  on  targets  j 
and  4.  The  means  for  the  Battalions  X  Targets  interaction,  plotted  in 
Figure  9-15,  were  examined  and  Indicate  that  the  EEB  Battalion  had  the 
highest  Ph  score  on  Target  2  and  very  low  scores  on  all  the  other  targets. 
(.Ikewise,  the  EBB  Battalion  had  the  highest  Pj,  score  on  Target  3  and  com¬ 
paratively  low  scores  on  the  other  Targets. 

(c)  Table  9-25  presents  the  results  of  the  analysis  of  variance  of 
first  round  firing  time.  Significant  main  effects  were  Battalions  (F=6.40, 
p  <. 005) ,  Tables  (F=l 1.94,  p  <.005),  and  Targets  (F=92.33,  p  <.001).  Signi¬ 
ficant  Interaction  effects  were  Battalions  X  Tables  (F=9.20,  p  <.005), 
Battalions  X  Targets  (Fs2.82,  p  <.Q1),  Battalions  X  Companies  X  Targets 
(F=1.85,  p  <.01),  and  Tables  X  Targets  (F=2.41,  p  <.05).  The  means  for 

the  Battalions  main  effect,  presented  In  Table  9-26,  were  analyzed  for  dif¬ 
ferences  In  a  Tukey's  (USD)  Test.  The  results  indicated  that  the  EEB 
Battalion's  mean  firing  time  was  significantly  slower  than  that  of  the  EBB 
and  ECB  battalions,  p<.05  and  p  <.01  respectively,  while  the  EDB  Battalion's 
mean  firing  time  was  significantly  slower  (p  <.05)  than  the  ECB- Battalions. 
Examination  of  the  means  for  the  Battalions  X  Tables  interaction  showed 
that  the  EBB  Battalion  had  a  faster  mean  fifing  time  on  Table  VIII  B  (Might) 
than  on  Table  VIII  A  (Day)  while  the  reverse  was  true  for  the  other  battalions. 
The  means  for  the  Battalions  X  Targets  interaction,  plotted  in  Figure  9-16, 
show  that  the  EBB  Battalion  had  the  fastest  mean  firing  time  on  targets  1, 

2,  and  5  and  the  slowest  on  target  3. 

(d)  The  results  revealed  four  pertinent  findings.  One,  the  significant 
Rattalions  main  effect  Indicated  that  there  exist  absolute  differences  in 
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Performance  Measure 


TaMe  9-24.  First  Round  Moan  Values 
uattaltons 


EBB,  ECB,  EDB,  and  tin  First  Round  Pj,  (Percent) 

1.  Overall  Mean  ■  4f..83 

2.  Battalion 


EBB  ECB  EDB  EEB 


3. 


40.67  48.33  54.00  40.33 


Target 


1 


3  4  S 


60.83 

67.9? 

21.67 

16.67 

62.08 

4. 

• 

Target 

Battalion 

1 

2 

3 

4 

6 

EBB 

51.67 

50.00 

36.67 

11.67 

53.33 

ECB 

63.33 

65.00 

20.00 

25.00 

68.33 

EDB 

83.33  ' 

76.67 

20.00 

16.67 

73.33 

EEB 

45.00 

80.00 

10.00 

13.33 

53.33 
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Table  9.26.  First  Round  Mean  Value* 

Battalions 

Performance  Measure 

EEB, 

ECS,  EOS,  and  EEB 

1st  Round  Firing  Tine 

1. 

Overall  Mean  ■  12.04 

2. 

Daj>  *  11.54) 

Night  - 

12.58 

3. 

Battalion 

E88 

ECB  EDS 

EEB 

11.48 

11.01  12.68 

13.00 

4. 

Target 

1  2 

3  4 

5 

9.24  11.03 

16.06  14.53 

9.35 

5. 

Battalion 

Day 

Night 

EBB 

12.06 

10.91 

EC8 

10.61 

11.41 

EDS 

12.07 

13.28 

EEB 

11.27 

14.72 

6. 

Target 

Battalion 

1 

2 

3 

4 

S 

EBB 

8.52 

8.70 

17.10 

15.10 

8.00 

ECB 

8.80 

10.15 

13.90 

13.03 

9.15 

EDB 

10,08 

11.98 

17.03 

14.25 

10.03 

EEB 

9.57 

13.28 

16.20 

15.72 

10.22 
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Mean  Firing  Time  on  Table  VIII  Main  Gun  Targets. 


gunnery  proficiency  between  some  battalions.  These  differences  may  bo 
normally  distributed  resulting  in  superior,  average  and  inferior  battalion 
proficiency.  In  the  present  case,  the  EDB  Battalion  was  relatively  superior 
to  the  EBB  and  tC.lt  Battalions,  whereas  the  ECB  Batta>ion  did  not  differ 
significantly  from  any  of  the  other  battalions.  The  range  of  the  Pf, 
difference  between  the  highest  and  lowest  scoring  battalions  was  about 
14  percent  which  appears  to  be  large  enough  to  be  of  some  practical 
significance  in  terms  of  battlefield  performance. 

(1)  Two,  comparing  the  Ph  scores  in  Figure  9-15  shows  that  the  four 
battalions  maintained  relative  performance  differences  among  one  another 
across  targets  except  for  two  deviations  from  the  two  lowest  scoring 
battalions.  The  constancy  in  pattern  perhaps  suggests  that  the  crews 
from  the  high  scoring  battalions  came  from  training  programs  which  were 
similar  in  content  and  emphasis.  The  EEB  and  EBB  Battalions  deviated 
from  the  pattern  on  two  different  targets.  The  EEB  Battalion  excelled 
on  Target  2,  which  used  HEAT  ammo  and  the  precision  engagement  method. 

It  performed  relatively  poorly  on  the  other  engagements.  Superficially, 
this  might  indicate  that  the  battalion  concentrated  on  training  on  one 
type  of  engagement  and  neglected  training  for  the  other  t^pes.  Likewise, 
on  target  3  the  EBB  Battalion  achieved  a  relatively  high  Ph  score  combined 
with  a  relatively  slow  mean  firing  time,  see  Figure  9-16,  compared  with 
its  performance  on  the  other  targets.  Target  3  was  the  only  TC  engagement 
in  the  test  which  suggests  that  the  gunnery  skills  of  the  Tank  Commanders 
in  the  battalion  differed  from  those  in  the  other  battalions.  In  any  case, 
these  examples  provide  evidence  that  fundamental  differences  in  gunnery 
skills  exist  to  some  extent  between  battalions. 

(2)  Three,  the  significant  Battalions  main  effect  in  the  analysis  of 
firing  time  revealed  that  there  also  exist  absolute  differences  between 
battalions  in  first  round  firing  speed.  On  the  average,  some  battalions 
fire  faster  than  others.  Also,  in  general,  they  tend  to  maintain  the 

same  differences  in  relative  firing  speed  across  different  types  of  engage¬ 
ments. 

(3)  Four,  comparing  performance  on  both  gunnery  measures  revealed  that 
the  EEB  Battalion  had  the  lowest  Ph  score  and  slowest  mean  firing  time  of 
the  four  battalions.  This  finding  provides  additional  evidence  of  the 
extent  of  the  difference  in  gunnery  proficiency  existing  between  battalions. 

?..  Analysis  of  the  G  Division  Battalions. 

(a)  Gunnery  data  were  collected  from  a  total  tl  of  99  tank  crews:  51 
horn  the  LNG  Battalion,  and  48  from  the  EOG  Battalion.  The  statistics 
produced  from  the  following  analyses  of  variance  were  based  on  data  from 
a  total  ii  of  96  tank  crews,  the  first  48  from  each  battalion. 

( b)  Table  9-27  presents  the  results  of  the  analysis  of  variance  of 
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of  first  round  Hi  scores.  Significant  main  effects  were  Battalions  (F= 

4.80,  p  <.05),  Companies  (F=4.50,  p  <.05),  and  Targets  (F=27.57,  p  <.001 ). 
Significant  interaction  effects  were  Tables  X  Targets  (F=3.69,  p  <.01 ), 
and  Battalions  X  Companies  X  Targets  (Fs2.21,  p<.05).  The  battalion 
means,  presented  in  Table  9-28,  indicate  that  the  Ph  score  of  the  EOG 
battalion  was  significantly  higher  (p  <.05)  than  that  of  the  ENG  Battalion 
The  Companies  main  effect  is  not  a  meaningful  factor  in  this  statistical 
design  and  will  not  be  considered.  The  appropriate  test  for  companies 
effects  is  the  Battalions  X  Companies  interaction  which  was  not  statisti¬ 
cally  significant.  ^Comparison  of  the  target  means  in  a  Tukey's  (HSD)  Test 
indicated  that  the  Pi.  score  on  Target  3  was  significantly  higher  (p  <01) 
than  the  scores  for  tne  other  targets,  while  the  Ph  score  on  Target  2 
was  significantly  lower  than  the  other  targets  (p  *=.05  for  targets  1  and 
5,  and  p  <.01  for  targets  3  and  4).  Examination  of  the  means  for  the 
Tables  X  Targets  interaction  indicated  that  on  targets  1  and  2  Tp  perfor¬ 
mance  was  much  lower  during  the  day  than  at  night,  while  the  reverse  was 
true  for  target  5.  The  means  for  the  Battalions  X  Companies  X  Targets 
interaction  Indicated  that  the  P^  scores  of  the  companies  in  both  battalions 
varied  across  the  targets. 

(c)  Table  9-29  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  times.  There  were  10  significant  effects.  The 
most  important  ones  were:  Battalions  (F=7.13,  p  <.01),  and  Battalions  X 
Tables  X  Targets  (F=l 2 . 99 ,  p  <.005).  Examination  of  the  mean  firing  time 
Scores  for  the  two  battalions,  presented  in  Table  9-30,  showed  that  the 
first  round  mean  firing  time,  for  the  EOG  Battalion  was  significantly 
faster  (p  <.01 )  than  the  ENG  Battalion's.  The  means  for  the  Battalions  X 
Tables  X  Targets  interaction  showed  that  on  target  5  mean  firing  tine 
varied  considerably  between  battalions  on  Table  VIII  A  (Day).  The  mean 
firing  time  for  the  EOG  Battalion  was  extremely  fast  while  the  mean  firing 
time  for  the  ENG  Battalion  was  relatively  slow. 

(d)  Two  important  findings  emerged  from  this  analysis.  One,  the 
results  showed  that  the  EOG  Battalion  performed  significantly  better  than 
the  ENG  Battalion  in  terms  of  both  first  round  accuracy  and  firing  time. 

The  mean  difference  in  ^  and  firing  time  was  7  percent  and  1.42  seconds, 
respectively.  Nei ther  difference  appears  to  be  impressive  when  considered 
alone,  but  when  considered  in  combination  the  performance  difference  becomes 
more  apparent.  Small  differences  in  gunnery  proficiency  along  two  perfor¬ 
mance  dimensions  may  possibly  produce  a  larger  difference  in  battlefield 
effectiveness.  An  adversary  who  can  shoot  a  little  quicker  and  more  accural  el 
than  his  opponent  may  enjoy  a  distinct  advantage  when  considering  that  in 

war  all  capabilities  are  relative. 

(1)  Two,  comparing  Ph  performance  across  targets,  illustrated  in 
Tigure  9-17,  shows  that  battalion  performance  differed  mainly  on  target  3,  a 
battleslght  engagement  of  a  moving  target.  The  EOG  Battalion  achieved 
an  exceedingly  high  Ph  score  of  79  percent  on  this  engagement,  while  the  ENG 


9-188 


Table  9-23.  F..-st  Round  Mean  Values 


Battalions 
ENG  and  EOG 

1.  Overall  Mean 

2.  0 ay  •  39.17 

3. 

4. 

1 

36.46 

5. 

ENG 

EOG 

6. 

Oay 

Night 


Performance  Measure 


41.26 


First  Round  Ph  (Percent) 


Night  -  43.33 
Battalion 


ENG  EOG 

37.71  44.79 


Target 


2  3  4  B 

2?  92  68.75  40.63  37.60 

Taraet 

1  2  3  4  5 

32.29  22.92  58.33  42.71  32.29 

40.63  22.92  79.17  38.54  42.71 

Target 

1  2  3  «  * 

29.17  13.54  69.79  40.63  42.71 

43.75  32.29  67.71  40.63  32.29 
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Table  9.30  first  Round  Mean  Values 

Battalions  Performance  Neature 

£116  and  LOG  First  Round  Firing  Time 

1.  Overall  Hoan  -  Day  ■  12.79  Night  -  12.43 

2.  Battalion 

ENG  EOG 

13.32  11.90 

3.  Target 

1  2  3  ♦  B 


15.59 

14 

O': 

8.51 

10.93 

13.97 

4. 

Target 

Battalion 

Table 

1 

2 

3 

4 

i 

ENG 

Day 

Night 

tO  CM 

O'  un 

14.90 

14.35 

8.63 

8.98 

10.85 

10.13 

19.86 

13.94 

EOG 

Day 

Night 

16.17 

14.73 

13.79 

13.10 

8.92 

7.50 

10.73 

12.00 

7.04 

15-02 
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Battalion's  score  of  58  percent  was  comparatively  low.  The  AHSAA  value 
for  the  engagement  range  fell  about  half-way  between  the  two  battalion 
means  at  approximately  68  percent.  The  results  suggest  that  a  real  dif¬ 
ference  in  gunnery  proficiency  exists  between  the  battalions  under  the 
specific  engagement  conditions  of  target  3. 

(2)  Analysis  of  the  C  Division  Battalions. 

(a)  Gunnery  data  were  collected  from  a  total  fi  of  153  tank  crews:  51 
each  from  the  UFC,  UIC  and  UGC  Battalions.  The  statistics  oroduced  from  the 
following  analysis  of  variance  included  the  data  from  all  153  tank  crews. 

(b)  Table  9-31  presents  the  results  of  the  analysis  of  variance  of 
first  round  ?h  scores.  There  were  9  significant  effects.  The  most  important 
ones  were:  Battalions  (F=4.46,  <.05),  Targets  (F=95.50,  <.001),  and 
Battalions  X  Tables  X  Targets  (F=2. 42,  p  <.05).  The  battalion  means,  pre¬ 
sented  in  Table  9-32,  were  compared  for  differences  in  a  Tukey's  (USD)  Test. 

The  results  indicated  that  the  Ph  score  of  the  UGC  Battalion  was  significantly 
higher  (p  <.05 )  than  the  Ph  score  of  the  UFC  Battalion.  Comparison  of 

the  Targets  means  in  a  Tukey's  (HSD)  Test  indicated  that  the  Ph  scores  of 
targets  3  and  4  were  significantly  higher  (p  <.01 )  than  those  for  targets 
1  and  2.  Examination  of  the  means  for  the  Battalions  X  Tables  X  Targets 
interaction  indicated  that  the  UFC  Battalion  had  the  lowest  Ph  scores  on 
Table  VIII  A  (Day)  on  all  targets,  and  the  highest  Ph  scores  on  targets  1 
and  2  on  Table  VIII  B  (Night). 

(c)  Table  9-33  presents  the  results  of  the  analysis  of  variance  of 
first  round  mean  firing  times.  Pertinent  significant  effects  were  Battalions 
(F=6.72,  p  <.005) ,  and  Targets  (F=181.54,  p  ^OOl)  The  battalion  means,  pre¬ 
sented  in  Table  9-34,  were  compared  for  differences  in  a  Tukey's  (HSD)  Test. 

The  results  indicated  that  the  first  round  mean  firing  times  of  the  UGC 

and  UFC  Battalions  were  significantly  faster  (p  <.01)  than  the  UIC  Battalion's. 
Comparison  of  the  targets  means  in  a  Tukey’s  (USD)  Test  showed  that  the 
mean  firing  times  for  all  four  targets  differed  significantly  (p  <.01 ) 
from  one  another. 

(d)  The  main  finding  which  resulted  from  this  analysis  was  that  the 
UGC  Battalion  had  the  highest  Ph  score  and  fastest  mean  firing  time  among 
the  three  battalions  in  the  analysis.  It  achieved  this  superiority  by 
scoring  higher  on  three  of  the  four  targets  and  firing  a  little  faster 

on  all  the  targets.  Taking  each  engagement  separately,  the  UGC  Battalion 
clearly  outperformed  the  other  battalions  on  only  one  engagement,  and 
that  was  a  rangecard  problem  involving  Indirect  fire  techniques  which  arc 
of  secondary  importance  in  tank  gunnery.  Thus,  the  improved  proficiency 
was  attained  by  consistently  good  performance  on  all  engagements  which  had 
the  cumulative  effect  of  raising  the  measures  of  overall  performance. 

d.  Discussion. 

(1)  The  results  of  this  analysis  have  produced  evidence  which  indicates 
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n  Table  VIII  A  and  B  Analysis  of  Variance  Sumary.  Colter! son  of  the  Battalions 
In  theC  Division 


Table  <j-v.  first  Round  Mean  Values 


Battalions 

Performance  Measu 

UFC,  UIC  and  UGC 

First  Round  Ph  (Pi 

1. 

Overall  Mean 

*  Til  .85 

2. 

Day  -  52.12 

Night  ■  71 

.57 

3. 

Battalion 

UFC 

UIC 

UGC 

58.09 

60.05 

67.40 

4. 

Target 

1 

2 

3 

4 

40.20 

44.7/ 

82.35  1 

SO. 07 

5. 

Battalion 

Day 

Night 

UFC 

42.16 

74.10 

UIC 

53.43 

66.67 

UGC 

60.78 

74.10 

6. 

Target 

Battalion  Table 

1 

2 

3 

4 

UFC 

Day 

2.0 

33.3 

76.5 

56.9 

Night 

76.5 

47.1 

86.3 

86.3 

UIC 

Day 

25.5 

51.0 

76.5 

60.8 

Night 

49.2 

45.1 

82.4 

90.2 

UGC 

Day 

21.6 

49.0 

84.3 

88.2 

Night 

66.7 

43.1 

88.2 

96.0 
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Figure  9-18  Mean  First  Round  Hlt  Probability  (K)  Performance 


Tabic  9.33  Table  VIII  A  and  B  Analysis  of  Variance  Stannary,  Comparison  of  the  Battalions 


Table  First  Round  Mean  Values 


Battal Ions 

Performance  Measure 

me,  uic 

and  UGC 

First  Round  Firing  Time 

1.  Overall  Mean 

-  23.82 

Oa.y  *  23.50 

Night  *  24. 14 

2. 

Battal fen 

UFC 

UIC 

UGC 

23.00 

26.19 

22.25 

3. 

Tar gat 

1 

2 

3  4 

24.56 

21 

1.77 

11.91  37.03 

4. 

.  Target 

Battalion 

1 

2  3 

4 

'  UFC 

22.36 

21.53  12.60 

35.53 

UIC 

29.42 

22.86  12.06 

40.43 

UGC 

21.90 

20.91  11.07 

35.14 
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that  differences  in  gunnery  proficiency  frequently  exist  at  the  battalion 
level  between  units  assigned  to  the  same  division.  The  outcome  was  somewhat 
unexpected  in  light  of  the  previous  discovery  that  wtthin  most  battalions 
performance  differences  among  their  companies  were  not  statistically 
significant.  It  is  not  immediately  apparent  why  differences  in  gunnery 
proficiency  occur  more  frequently  at  the  battalion  level  than  at  the  company 
level,  but  part  of  the  difference  may  be  due  to  the  properties  of  the 
statistical  tests  used  and  not  due  to  any  change  in  the  magnitude  of  mean 
differences  that  were  observed  at  the  two  levels  of  organization.  Examination 
of  mean  differences  at  both  company  level  and  battalion  level  seem  to  show 
that  they  are  about  of  the  same  magnitude;  around  ten  to  fifteen  percent. 
However,  the  variability  in  scores  seems  to  be  less  at  battalion  level.  The 
difference  in  variability  could  account  for  the  difference  in  results.  In 
any  case,  the  results  show  unequivocally  that  there  are  real  differences 
in  gunnery  proficiency  between  battalions. 

(2)  The  performance  differences  occurred  in  terms  of  both  accuracy  measures 
and  firing  time.  They  were  positively  correlated.  The  superior  battalions 
tended  to  attain  significantly  higher  mean  accuracy  scores  and  significantly 
faster  mean  firing  times  in  comparison  with  the  inferior  battalions.  This 
demonstration  of  higher  proficiency  on  both  performance  measures  provides 
additional  evidence  showing  that  between-battal ion  differences  are  broadly 
based.  This  strengthens  confidence  in  the  judgement  that  the  differences 

are  reliable  and  meaningful. 

(3)  Mean  differences  in- accuracy  measures  between  battalions  can  differ 
in  terms  of  either  specific  engagement  conditions  or  in  overall  performance. 

Type  of  difference  is  important  because  it  has  implications  for  how  inter¬ 
pretations  are  formulated  explaining  the  cause  of  the  differences.  If  the 
differences  are  specific  to  engagement  conditions,  it  can  be  argued  that 
they  result  from  differences  in  emphasis  on  specific  subjects  in  gunnery 
training  and  not  due  to  any  real  difference  in  general  proficiency.  The 
problem  could  be  corrected  by  merely  changing  the  emphasis  in  training  to 
conform  more  closely  with  test  requirements.  On  the  other  hand,  if  the  dif¬ 
ference  is  in  overall  performance  the  interpretation  is  straightforward.  The 
level  of  proficiency  should  be  viewed  as  substandard  in  all  gunnery  subjects. 
Hemedial  training  would  involve  upgrading  technical  skills  in  all  areas  of 
gunnery,  a  more  demanding  requirement. 

(4)  Between-battal ion  differences  in  mean  firing  time  tend  to  differ  more 
on  overall  performance  than  on  specific  engagements  although  there  ore  a 

few  instances  of  the  latter  occuring.  It  appears  that  increasing  firiim 
speed  tends  to  generalize  to  all  types  of  engagements.  Thus  differences 
appear  to  show  more  uniformity.  Some  battalions  fire  at  a  faster  rote 
than  others. 


e.  Findings  and  Conclusions. 


(1)  Significant  differences  frequently  occur  in  measures  of  gunnery 
|)roficiency  between  battalions  assigned  to  the  same  division. 

• 

(2)  The  higher  scoring  battalions  tend  to  demonstrate  superior 
proficiency  In  terms  of  both  increased^  scores  and  faster  mean  firing 
times. 

(3)  Between-battalion  differences  in  Ph  scores  differ  in  terms  of 
specific  engagement  conditions  and  in  overall  performance. 

(4)  Between-battalion  differences  in  firing  time  appear  to  differ 
mainly  in  terms  of  overall  performance. 


9-7 .  The  Effects  of  Target  Engagement  Variables  on  Tank  Gunnery  Error . 

This  study  was  concerned  with  analyzing  tank  gifnnery  error  data  to 
identify  their  main  characteristics,  the  target  engagement  variables  that 
contribute  to  their  occurrence,  and  to  describe  the  functional  relations 
that  exist  between  them.  The  analysis  was  restricted  to  considering  the 
influence  of  target  engagement  factors  and  did  not  include  any  direct 
assessment  of  relevant  equipment  and  operator  variables  that  could  have 
contributed  to  gunnery  error.  Examples  of  these  latter  variables  are: 
inaccurate  boresighting  and  synchronizing  of  the  main  gun,  and  poor  align¬ 
ment  of  the  gunner’s  eyes  with  the  line-of-sight  in  the  optical  aiming 
device.  If  such  factors  produced  gunnery  errors,  it  is  assumed  that  they 
operated  randomly  and  therefore,  did  not  bias  the  results  in  any  direction. 

The  gunnery  data  used  in  the  analysis  came  from  the  Tank  Crew  Qualification 
Test  data  (called  Table  VIII  Scores)  reported  in  Annex  A  to  Net  Assessment 
of  U.S.  and  Soviet  Tank  Crew  Training,  TCATA  report,  April  1976. 

a.  Types  of  Tank  Gunnery  Errors. 

(1)  Generally  speaking,  gunnery  errors  are  described  in  terms  of  two 
dimensions;  range  and  angle.  Weapon  ballistic  characteristics  determine 
the  proportions  of  errors  that  will  fall  within  each  dimension.  High 
velocity,  direct  fire,  tank  guns  produce  a  large  proportion  of  errors 

in  the  range  dimension  and  relatively  few  in  angle.  Thus  most  tank  gunnery 
errors  occur  with  the  line  of  flight  of  the  round  in  correct  alignment 
with  the  target,  but  err  at  point  of  Impact  with  the  round  either  passing 
oyer  It  or  striking  short  of  It.  The  two  errors  are  designated  as  Over 
Line  (OL)  and  Short  Line  (SL),  respectively. 

(2)  Angle  errors  usually  occur  in  conjunction  with  moving  targets  as 
a  result  of  applying  incorrect  lead  angle.  Even  so,  the  magnitude  of 
error  is  usually  small  when  it  does  occur  and  observers  experience  some 
difficulty  in  sensing  the  miss.  Thus  they  designate  these  errors  as  either 
Doubtful  Right  (DR)  or  Doubtful  Left  (DL).  These  four  error  types  comprise 
the  main  catagories  and  account  for  well  over  90  percent  of  tank  gunnery 
errors.  There  are  other  error  catagories,  but  they  cover  ir'scellaneous 
events  that  occur  Infrequently.  This  analysis  was  limited  to  evaluating 

the  four  main  error  catagories.  Miscellaneous  error  types  w?re  not  considered. 

b.  Comparison  of  USAREUR  and  CONUS  Gunnery  Data. 

The  previous  analysis  of  gunnery  data  reported  In  Annex  A  of  the  Net 
Assessment  Study  concluded  that  the  quality  of  scoring  varied  greatly 
between  USAREUR  and  CONUS  battalions.  USAREUR  scoring  appeared  to  be 
accurate  and  reliable,  while  CONUS  scoring  showed  evidence  of  large  inac¬ 
curacies  and  unreliability  in  much  of  its  scoring.  This  difference  in 
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scoring  quality  was  encountered  in  the  present  analysis.  The  results  from 
the  analysis  of  the  data  from  the  USAREUR  battalions  were  consistent, 
orderly  and  open  to  straight  forward  interpretation.  The  results  from  the 
analysis  of  the  CONUS  data,  on  the  other  hand,  showed  inconsistencies  and 
were  difficult  tq  interpret.  It  was  felt  that  the  differences  ip  results 
reflected  the  differences  in  scoring  quality.  Therefore,  it  was  decided 
to  base  the  analysis  on  the  USAREUR  data  exclusively,  since  there  was  a 
lack  of  confidence  in  the  validity  and  reliability  of  the  CONUS  data. 

c.  Analysis  of  USAREUR  Error  Data.  Table  9-35  presents  a  tabulation  of 
frequencies  and  percentages  of  the  four  error  catagories  according  to  range 
intervals.  The  grand  total  amounts  to  1,090  errors  out  of  the  USAREUR 
sample  total  of  1,169,  indicating  that  93.3  percent  of  the  errors  were 
accounted  for.  The  missing  6.7  percent,  79  rounds,  fell  into  the  miscel¬ 
laneous  catagory;  a  comparatively  small  proportion.  Furthermore,  when  the 
frequency  proportions  of  the  four  error  types  are  examined,  it  is  found  that 
87  percent  were  concentrated  in  the  0L  and  SL  catagories.  Obviously, 

0L  and  SL  errors  are  the  primary  tank  gunnery  errors  observed  on  Table 
VIII.  Since  ranging  errors  were  preponderant,  emphasis  was  given  to  their 
analysis  which  is  presented  first  followed  by  the  analysis  of  angle  errors. 

(1 )  Analysis  of  Over  Line  and  Short  Line  Errors. 

(a)  The  precentage  data  in  Table  9-35  is  presented  graphically  in  Figure 
9-19.  The  two  linear  curves  in  Figure  9-19  show  clearly  the  functional  rela¬ 
tion  that  exists  between  target  range  and  type  of  ranging  error.  They 
describe  the  classic  X-form  relationship  that  occurs  between  two  variables 
that  interact  strongly  with  one  another.  They  show  that  type  of  ranging 
error  depends  upon  target  range.  At  short  ranges  0L  errors  predominate 

and  SL  errors  are  minimal.  There  is  a  constant  error  to  overestimate 
target  range.  As  target  range  increases  0L  errors  decrease  while  SL  errors 
increase  proportionally.  The  trends  continue  in  this  manner  until  at  long 
ranges  0L  errors  are  minimal  and  SL  errors  predominate;  a  complete  reversal 
of  the  relation  at  short  range.  Now,  there  is  a  constant  error  to  under¬ 
estimate  target  range.  Thus  target  range  determines  the  relative  frequency 
of  the  type  of  ranging  error.  The  percentage  data  were  tested  in  an  analysis 
of  variance.  The  range  X  error  interaction  was  highly  significant,  F  (6,14) 
13.37,  p<.005,  confirming  the  foregoing  interpretation.  The  main  effects  of 
range  and  error  were  not  statistically  significant. 

(b)  An  important  feature  of  the  interaction  is  the  point  at  which  the 
two  curves  intersect.  This  is  the  range  at  which  0L  and  SL  errors  are 
equally  likely.  By  inference,  it  Is  also  the  range  that  is  estimated 

most  accurately  since  the  0L  and  SL  errors  bracket  the  target,  that  is,  from 
a  probabilistic  point  of  view.  At  this  range  there  is  not  constant  error 
in  range  estimation.  Figures  9-20  and  9-21  present  graphs  of  the  interaction 
for  Table  VIII  A  (day)  and  B  (night)  respectively.  Examination  of  the 
intersect  points  in  the  two  figures  indicates  that  it  shifts  to  a  longer 


range  from  day  to  night.  On  Table  VIII  A  (day)  the  point  falls  at  1030 
meters,  while  on  Table  VIII  B  (night)  it  falls  at  1220  meters;  an  increase 
of  approximately  200  meters  in  range.  Since  range,  estimations  are  per¬ 
formed  by  means  of  daylight  and  low  light  optical  and  electro-optical 
range  finders,  explanations  of  the  shift  of  the  intercept  will  involve 
analysis  of  the  relations  between  human  visual  characteristics  for  day  and 
night  vision  and  the  properties  of  the  range  finders. 

(2)  Analysis  of  Doubtful  Right  and  Doubtful  Left  Errors. 

(a)  The  gunnery  data  on  moving  targets  in  the  sample  is  limited  to 
one  target  on  Range  80  at  Grafenwoehr  Training  Area.  This  was  Target  Number 
8  whose  characteristics  are  given  below: 

Table  9-36.  Target  Number  8  -  Moving  Target 

Range _ Type _ Atitude _ Direction  of  Movements _ 

800-1000  12'  x  6'  00  Flank  Left  to  Right 

Tank  Silhouette 

Speed;  12  MPH  over  220  Meters  _ _ 

Tabulation  of  the  four  gunnery  errors  on  Target  8  are  presented  in  Table  9-37. 

Table  9-37.  USAREUR  TCQC  Round  and  Gunnery  Errors,  Target  Number  8,  TPDS-T 
Battles Ight,  Moving  Target 

Gunnery  Errors 


Table  VIII 

OL 

SL 

DR 

DL 

TOTAL 

Day 

N 

46 

49 

2 

27 

124 

% 

37 

40 

1 

22 

100 

Night 

N 

47 

25 

1 

15 

88 

% 

53 

28 

2 

17 

100 

Day  & 

N 

93 

74 

3 

42 

212 

Night 

% 

44 

35 

1 

20 

100 

(b)  The  results  In  Table  9-37  were  derived  from  one  target  engagement 
and  therefore  are .limited  to  the  conditions  from  which  they  were  obtained. 
Nevertheless,  two  findings  emerged  which  may  prove  to  be  fundamental  to 
moving  target  engagements  as  a  class.  One,  the  proportion  of  gunnery 
errors  due  to  angle  error  becomes  substantial  and  can  account  for  as  much 
as  20  percent  of  the  overall  error.  Two,  an  insufficient  amount  of  lead 


angle  was  entered  into  the  aiming  solution  resulting  in  42  of  45  (93  per¬ 
cent)  angle  errors  passing  behind  the  moving  targe,t.  It  is  interesting  to 
note  that  TPDS-T  high  velocity  amno  was  used  on  this  engagement.  This  mean'- 
that  at  a  range  of  1000  meters  the  rounds  should  have  reached  the  target  in 
about  0.3  second.  At  12  MPH  the  target  should  have  moved  5.28  feet  in  that 
time;  say  6  feet  for  sake  of  argument.  The  target  was  12  feet  wide.  If 
the  aiming  point  was  at  the  center  of  the  target,  there  would  be  6  feet 
of  target  on  either  side  at  the  time  of  firing.  Since  the  target  moved 
6  feet  before  the  round  arrived.  It  could  pass  behind  the  target  only  if 
the  aiming  point  was  at  the  target  center  and  no  lead  angle  had  been  entered 
into  the  aiming  solution.  It  follows  that  DL  errors  resulted  because 
gunners  aimed  at  the  center  of  the  target  when  they  should  have  been  aiming 
at  its  leading  edge.  This  interpretation  Is  a  rational  deduction  and  may 
not  be  true.  However,  it  does  suggest  the  possibility  that  a  substantial 
number  of  gunners  apply  little  or  no  lead  angle  to  moving  targets  when  firinq 
battlesights  with  the  non-ballistlc  retical  and  using  TPDS-T  ammo. 


•  Table  VIII  data  from  the  sample  USAREUR  battalions  appears  to  be 
more  valid  and  reliable  than  data  from  CONUS  battalions. 

•  Both  USAREUR  and  CONUS  tank  crews  fire  more  accurately  at  middle 
ranges  of  from  approximately  1000-1800  meters.  First  round  accuracy  at 
the  short  ranges  from  600-1000  meters  is  relatively  poor. 

•  There  was  no  practical  difference  in  main  gun  accuracy  performance 
between  Table  VIII  A  (day)  and  Table  VIII  B  (night). 

•  There  is  no  difference  in  first  round  accuracy  between  precision 
and  battleslght  engagment  methods  in  the  battlesight  range  band  (600- 
1800  meters). 

•  There  is  little  difference  in  first  round  accuracy  and  firing  time 
when  engaging  either  stationary  or  moving  targets. 

•  There  is  not  a  strong  linear  correlation  between  first  round 
accuracy  and  firing  time. 


